Journal of 
DAIRY SCIENCE 


Vol. 44 January, 1961 Number 1 


CONTENTS 


PEOPLE AND EVENTS. 
STUDENT NEWS SECTION... 
FROM THE SECRETARY’S DESK 
GENERAL INTEREST: 


Invitation to Annual Meeting of A.D.S.A. 
C. A. Elwehjem . . © 


Call for Papers for the 1961 Annual Meeting. 


Officers, Committees, and Representatives of A.D.S.A. 


Program Southern Divisional Meeting. 


B. E. Goodale . . . . 


RESEARCH PAPERS: 


Volatile Carbonyl Compounds in Stored Dry Whole Milk. 
Owen W. Parks and Stuart Patton . . . . « 


A Method of Concentrating Ripened Cheese Volatiles for Gas 
Chromatography. 
R. Scarpellino and F. V. Kosikowski . . . . 


Enzymic Degradation of 8-Casein by a Snake Venom 
E. B. Kalan and Marie Telka . ‘ ° ° 


Changes in pH of Milk During Freezing and Frozen Storage. 


Thermal Inactivation Studies on Pathogenic Bacteria in Milk and Various 
Milk Products. I. Corynebacterium diphtheriae ATCC No. 296. 


Donald R. Daoust, R. B. Read, Jr., and Warren Litsky . . . 


A Manufacturing Method for Improving the Physical Characteristics of 
Winter Butter. 


Edmund A. Zottola, G. H. Wilster, and R. W. Stein ° ‘ s ‘ 


Comparison of Acid and Nonacid Volumetric Methods for Determining the 
Persentage of Butterfat in Raw Milk. 


Effects of Addition of Magnesium, Tocopherol, and Cod Liver Oil to a 
Whole Milk Diet on Some Biochemical Constituents in Serum, Soft 
Tissue, and Bone of Calves. 

B. A. Dehority, J. E. Rousseau, Jr., H. D. Eaton, G. S. Myers, Jr., 
A. P. Grifo, Jr., Martha W. Dicks, D. G. Hazzard, C. F. Helmboldt, 
D. G. Gosslee, J. W. Thomas, J. F. Sykes, and L. A. Moore é ‘ 


(Continued on inside front cover) 


| 
32 
47 


TECHNICAL NOTES: 


OUR INDUSTRY TODAY: 


CONTENTS 
(Continued from front cover) 


Nitrogen Metabolism in Dairy Cattle. I. The Influence of Grain and 
Meadow Crops Harvested as Hay, Silage, or Soilage on Efficiency 
of Nitrogen Utilization. 

H. R. Conrad, J. W. Hibbs, A. D. Pratt, and R. R. Davis. .- 85 


Genetic Factors Affecting Conception Rate and Early Pregnancy Loss in 
Holstein Cattle. 


S. E. Mares, A. C. Menge, W. J. Tyler, and L. E. Casida . . . 96 


Part Lactations. I. Age-Correction Factors for Monthly Milk Fat Yields. 
Ss. R. Searle . . . . . . . . . 104 


Interrelationships Between Certain Measurements of External Body Form, 
Internal Anatomy, and Fat Production. 


T. Heidhues, W. W. Swett, and C. A. Kiddy . » 115 
Production Characteristics of Jerseys and Red enetiiiiieas Crossbred 
Females. 


R. E. McDowell, J. C. Johnson, J. L. Fletcher, and W. R. Harvey. 125 


Effects of Long-Time Feeding of Chlortetracycline to Dairy Cattle. 
C. F. Foreman, N. L. Jacobson, and A. E. Freeman 141 


Variation in Milk Fat Production in State-Owned Herds in Iowa. 
D. Sundaresan and A. E. Freeman . . . . 151 


Effect of Glucocorticoids on Thyroid Function of Cattle. 
C. W. Turner, G. W. Pipes, and B. N. Premachandra 


Observations on Ammonia and Volatile Amines in Milk. 

D. D. Cole, W. J. Harper, and C. L. Hankinson . . . . . 171 
Observations on the Accuracy of the Graduations of Babcock Skimmilk 

Test Bottles. 

B. L. Herrington. . © © © © © © © © © «© « 173 


Production of Isovaleric Acid from Leucine by Bacteroides ruminicola. 
H. A. Bladen, M. P. Bryant, and R. N. Doetsch . . . é ‘ 173 
A Simplified Method of Obtaining Differential and Total Viable Anaerobic 
Counts of Rumen Bacteria Employing Sealed Small-Diameter Glass 
Tubing. 
D. W. Claypool, Don R. Jacobson, and Ralph F. Wiseman... 174 


Working with Industry Organizations. 


Coordinated State-Wide Programs for Producer’s Milk 


ment. 


Survey Analysis of Problems in Dairy Products Manufacturing. 
A Method for Calculating the Weight per Gallon of Fluid Dairy Products. 
L. D. Hiker and W. R. Caldwell «© «© «© «© «© 183 
Mathematical Techniques for Evaluating Labor Utilization in Dairy Plant 


Operations. 


M. E. Gregory and W. M. Roberts. . «© «© «© 188 


| 
} 


H. D. Eaton 


Storrs, Conn. 


JOHNS 
Ottawa, Canada 


N. L. JACOBSON ROBERT JENNESS 
Ames, Iowa St. Paul, Minn. 


J. P. MIxNER DuURWARD OLDS 
Sussex, N. J. Lexington, Ky. 


L. M. Smira N. L. VANDEMARK 
Davis, Calif. Urbana, Il. 


J. F. CAVANAUGH 
E. O. HERRED, ex officio 


R. E. Hopeson, President 
Animal Husbandry Research Branch, USDA 
Beltsville, Md. 
H. F. Jupkins, Sec.-Treas. 
32 Ridgeway Circle, White Plains, N. Y. 


S. T. CouLTER F. J. Doan 
St. Paul, Minn. University Park, Pa. 
J. T. Rew 
Ithaca, N. Y. 
E. O. HERREID, ex officio 


JOURNAL OF DAIRY SCIENCE 


OFFICIAL PUBLICATIJN OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 
E. O. HERREID, Editor-in-Chief, University of Lllinois 
Editorial Address: Station A, Box 718, Champaign, Illinois 
Phone: 6-6323 
EDITORIAL BOARD 


R. W. TouCHBERRY 
Urbana, Il. 
COMMITTEE ON JOURNAL MANAGEMENT 


F. J. Doan, Chairman 
Department of Dairy Science, Pennsylvania State University, University Park, Pa. 


OFFICERS OF THE ASSOCIATION 


DIRECTORS 


E. C. ScHEIDENHELM 
Lexington, Ky. 


F. A. KUMMEROW 
Urbana, 


J. E. LEGATss 
Raleigh, N. C. 


M. L. Speck 
Raleigh, N. C. 


G. M. 
Manhattan, Kan. 


R. E. 


Reno, Nevada 


J. J. JEZESKI 
St. Paul, Minn. 


Stuart Parron 
University Park, Pa. 


Evert WALLENFELDT 
Madison, Wis. 


H. A. HERMAN 
H. F. JupKtns, ex officio 


E. L. Jack, Vice-President 
Department of Food Science and Technology, 
University of California, Davis, Calif. 
E. O. Herre, Journal Editor-In-Chief 
Champaign, Ill. 


N. P. RALs'Ton 
East Lansing, Mich. 
G. H. WIsE 
Raleigh, N. C. 
H. F. JUDKINS, ex officio 


A. C. Fay 
North Miami, Fla. 


ADMINISTRATIVE INFORMATION 


Manuscripts 


Manuscripts for publication in the Journal of Dairy 


Science should be submitted to the editor, E. O. Herreid, 
at the address above. See January, 1954, issue, page 
103, for information concerning the preparation of manu- 
scripts, or send for reprint, ‘Information for Authors.” 


Advertising 
Advertising plates, copy, insertion orders, contracts, 
and requests for information relating to advertising in 
the Journal should be addressed to the Journal of Dairy 
Science in care of The Garrard Press, 510-522 North 
Hickory Street, Champaign, Illinois. 


Nonmember Subscriptions 


Nonmember subscriptions are $15.00 per volume in 
the United States and Canada; $15.50 in all other coun- 
tries, net and postpaid. New subscriptions and renewals 
begin with the first issue of the current volume. Renewals 
should be sent in by December 1 of the current year for 
the following calendar year to avoid a break in the series. 
Subscriptions should be sent to the Journal of Dairy 
Science in care of The Garrard Press, 510-522 North 
Hickory Street, Champaign, Illinois. 


Subscriptions for the British Isles and the British 


Covent Garden, London, W. C. 2, England. Subscrip- 
tions for Australia should be sent to our agent: John H. 
Bryant, Herbert Street, St. Leonards, N.S.W., Australia. 


Changes of mailing addresses, post office notices of un- 
deliverable copies, inquiries about copies lost ia the mail, 
and all other matters pertaining to the mailing list for 
nonmember subscribers should be sent to The Journal of 
Dairy Science in care of The Garrard Press at the above 
address. Claims for copies of the Journal of Dairy Science 
lost in the mails must be received within 30 days (90 
days foreign) of the date of issue. Notice of change of 
address must be received two weeks before date of issue. 


Memberships 


Membership dues in the Association are $10.00 a year 
and should be sent to H. F. Judkins, Secretary-Treasurer, 
32 Ridgway Circle, White Plains, New York. Renewals 
should be made not later than December 1 each year. 


Changes of mailing addresses, inquiries about copies 
lost in the mail, requests for back copies and all other 
matters pertaining to the mailing list for members of the 
American Dairy Science Association should be sent to 
Mr. Judkins at the above address. Claims for copies of 
the Journal of Dairy Science lost in the mails must be 
received within 30 days (90 days foreign) of the date of 


Empire should be ordered through our agents: Messrs. issue. Notice of change of address must be received two 
Bailliere, Tindall and Cox, 7 and 8 Henrietta Street, weeks before date of issue. 


Form 3579 to be returned to Garrard Press 


Printed by The Garrard Press, 510-522 North Hickory Street, Champaign, Illinois. Entered as 
second-class matter at the post office at Champaign, Illinois, under the act of March 3, 1879. 


Copyright, 1961, by the American Dairy Science Association. Printed in the U. S. A. 


JOURNAL OF DAIRY SCIENCE 


MODERN SANITIZER and CLEANER 
WILL NOT CORRODE STAINLESS STEEL 


Extensive lab tests and highly successful 
farm experience have definitely proved that 
PENNSAN is non-corrosive to stainless 
steel. This fact has been further substanti- 
ated by manufacturers of stain’ess steel 
equipment. (Test results on request. ) 


PENNSAN is the superior bactericide serv- 
ing modern sanitization. It removes and 
prevents rnilkstone and films . . . works in 
even hardest water . . . conditions aid 
brightens stainless steel . . . controls bac- 
teriophages without affecting starter cul- 
tures. PENNSAN is a unique chemical 
sanitizer—_a new concept to serve more 


sanitizing and c:eaning needs. 

Write now for ‘ree booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700S. Easterr. Ave., Los Angeles, Cal. 
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B. CG. Johnson Recipient vf Award 


B. C. Jounson, the recipient of the 1960 
American Feed Manufacturers’ Association 
Award, has contributed much to basic and 
fundamental knowledge of nutrition. 


During the years of 1957, 1958, and 1959 
Dr. Johnson was the author or co-author of 37 
seientifie papers published in eight scientific 
journals in this country 
and several foreign 
journals. Dr. Johnson 
has been very versatile 
in his research efforts, 
having studied the nu- 
tritional status of many 
species of animals; he 
has been active in many 
specialized areas of nu- 
trition and biochemis- 
try and his research 
findings have contrib- 
uted much to our pres- 
ent knowledge of the 
nutrition and physiol- 
ogy of animals, including man. His interests 
have embraced studies of nitrogen sources for 
sheep, vitamin deficiencies of calves, vitamin 
B,. metabolism and function, metabolism of 
radioactive vitamin A, radiation sterilization 
of foods, nutritional role of antioxidants and 
other chemica! compounds, effcet of antibiotics 
on the intestines! synthesis uf vitamins, and 
acid metebolism and requirements of 
vevious species cf snimals. 

D  Jsehicon was Lorn in Regina, Saskatche- 
ven, Crmad. April 28, 1911. He was gradu- 

vita the B.A. degre in organie chemistry 
from MeMa ‘er Uiversitv, Onturio, Canada, 
i. 1935 and 1 yr. ater was awarded tle M.A. 
degree vy tha’ im atution. Dur ag 1. ¢ 
ing 3 vr. he was empl ‘ed y can Uan- 
ner’s Ltd. at Hamilton, 

In 194(, the University of Wi. nsi.: 
awarded him the 2h.D. degree :n . 
From 194¢ to 1942 he served as torc] 
fellow in the Department of Animal Seicnece 
at the University of Tilinois aid sutsequently 
took a pcsition for 1 yr. as a resevrch bio- 
chemist with the Colcen State Co., Uti, 
in San Fraueiseo, California. In 1942 he re- 
turned to the University of Ill ois and has 
beer a member of the staff of the Departn :nt 
of Animal Science since that date. 


B. C. Johnson 


J. Neleor. Honored 


Reeegnizing the need for putting dairy sci- 
ence into practice, in 193: Montana Sta‘e Col- 
lege inaugurated Montana Dairy Incustry 
Week, an annual course of instruction for 
plant producers an milk producers. This 
year’s program, which carried out the theme 


PEOPLE AND EVENTS 


of Processing, Promotion, and Pricing, was 
dedicated to J. A. NELSON in recognition of 
the great benefits of this instruction to the 
dairy industry. 

As a token of appreciation of his long, con- 
tinuous, and devoted service to the dairy in- 
dustry, he was pre- 
sented with a large 
bound volume entitled 
In Tribute to Dr. John 
A. Nelson. This volume 
contained a consider- 
able number of con- 
gratulatory letters, tel- 
egrams, and messages 
sent him from his many 
friends and co-workers 
in Montana and 
throughout the United 
States and Canada. In 
addition, he was pre- 
sented with a large por- 
trait to be placed in the department in his 
memory. A liberal cash honorarium accom- 
panied the dedication, and the Nelson home 
was presented with a large bouquet of mam- 
moth red roses. 


The Dairy Science Club, a student organi- 
zation which he organized and sponsored, 
awarded him a plaque, a certificate for emi- 
nent service to the dairy industry, and named 
him Outstanding Dairyman for 1960. 


G. M. Trout of Michigan State University, 
M. J. FRAMBERGER of the American Dairy As- 
sociation, Dean P. C. Gatnes of M.S.C., and 
two former students, Fercus MITcHELL and 
Kewnetu McIver, spoke on various phases of 
Dr. Nelson’s long service to the Dairy Industry 
in the state and the nation. This celebration 
was attended by 200 people. 

Dr. Nelson went to Montana State College 
in 1222, as an instructor. At that time the 
Jaws Department was a subsidiary of the 
\ in:al Husbandry Department. His rise ia 

snk wis rapid, being eile vated to the rank of 
_vefessor in 1920, at whch time he was ap- 
po:atse heaa of the newly crested Department 
of y iadustry, which ir veivea manu- 
teaching apa exteasion. Tn 1938, 
the department was en'arged by acdi.on 
of dairy production and th: innovstioa of 


J. A. Nelson 


research in «airy products and da’vy 
production. 
ly 1948, he -. as appointed as th» first tir: du- 


ate Dcan a position he keld along with his 
executive dutie: in the department. A: Gradu- 
ate Lear, he organized the first gaduate 
faculty ane greatly inereased the graduate 
offerings on the Master’s level. When he 
relinquished that position in 1955, work toward 
the Ph.D. degree was offered in several de- 
porte ents. 
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In 1956, due to the age limit and at his 
request, he was relieved from the department 
head duties and continued as a teaching and 
research professor, the position he still holds. 

Along with his executive duties, Dr. Nelson 
found time to take an active part in research. 
He is author or co-author of numerous bul- 
letins, circulars, pamphlets, and magazine ar- 
ticles, and co-author of a text on Judging 
Dairy Products, a field in which he has much 
interest and influence. His services as speaker, 
consultant, and dairy products judge at dairy 
short courses, conventions, and dairy shows 
were in demand. He will be long remembered 
by his students as an inspiring and dynamic 
teacher and always helped them with their 
problems. 

Dr. Nelson gained recognition in many hon- 
orary societies and scientifie organizations. He 
is a member of Sigma Xi, Phi Kappa Phi, 
Gamma Sigma Delta, Alpha Zeta, AAAS, Mon- 
tana Academy of Science, Dairy Shrine Club, 
and has been a life-long member of A.D.S.A., 
serving the Association on numerous commit- 
tees, chairman of the Western Section, as 
director, and as president. 

He received the A.D.S.A. Award of Honor 
in 1959. He is listed in American Men of 
Science, Leaders in American Science, Who 
Is Who in American Education, Who Is Who 
in the West, and Who Is Who in America. 

In addition to his professional duties, he has 
found time for constructive work in his com- 
munity, serving faithfully in the Methodist 
church, on the local hospital board, and took 
part in many fund-raising campaigns for the 
improvement of the community in which he 
lives. 


A. & T. Agricultural Leader Receives 
Top Southern Award 


An extension dairy specialist at the Agri- 
cultural and Technical College in Greensboro, 
North Carolina, was honored as the 1960 
winner of the Professional Agricultural Work- 
ers Service Award. 


Winner of the award is R. L. (Bos) 
Wynn, who has spent 15 yr. helping farm 
families in North Caro- 
lina raise their level of 
living by developing 
dairy enterprises. His 
selection was made by 
a committee of the U. S. 
Department of Agri- 
eulture. Agricultural 
workers in 14 southern 
states were considered 
for the honor. 

At the time of his 
appointment in 1945, 
Wynn was the first 
Negro agricultural spe- 
cialist to work for a 


land-grant college in the United States. He 
still is the only dairy specialist. Since 1945 
he has helped 60 farmers establish Grade A 
dairies and another 900 farmers start produc- 
tion of manufacturing milk. These dairymen 
have an estimated capitalization of $18 million 
and a gross annual income of $4.4 million. 

Most of the dairies have been an outgrowth 
of Wynn’s work with young people. Under 
his leadership, about 1,500 boys and girls are 
carrying dairy projects. Each year he holds 
from eight to ten area or district junior dairy 
shows and assists with about 15 county shows. 
In 1955, he organized an annual 4-H Club 
dairy cattle judging contest. More recently, 
he has helped start a state 4-H Club dairy 
ealf chain program. To help adult farmers, 
he organized an annual dairy production short 
course at A. & T. College in 1948. Over 1,000 
farmers have attended. 

Prior to joining the staff at A. & T. College, 
Wynn established the present school of agri- 
culture at Fort Valley, Georgia. Before that 
he was a teacher of vocational agriculture at 
Forsyth and Dixie, Georgia. 

Wynn, a native of Taylor County, Ga., 
earned a B.S. degree from Hampton Institute 
and a M.S. degree from Michigan State Uni- 
versity. He is a deacon at Providence Baptist 
Church in Greensboro, a master Mason, an 
active PTA supporter, and member of the 
American Dairy Science Association. 

The agricultural extension program at A. 
& T. College is part of the N. C. Agricultural 
Extension Service, which includes specialists 
at A. & T. College and N. C. State College. 


Conference at the University of Arizona 


The Tenth Annual Dairy Industry Confer- 
ence sponsored by The University of Arizona 
was held January 11 and 12, 1961, at Dei 
Webb’s Hiway House Hotel. Speakers in- 
cluded F. E. Netsox, who had joined the staff 
at Arizona coming from Iowa State Univer- 
sity, H. S. Curistransen, Carnation Co., Los 
Angeles, G. R. Woop, Food and Drug Adminis- 
tration, Los Angeles, and R. P. Harris, Scholle 
Container. 


Dairy Students at University of Georgia 
Receive Scholarships 


Nineteen students in the Dairy Department 
of the University of Georgia were awarded 
scholarships of $200 to $300 at the recent 
annual fall banquet of the Dairy Science Club. 
With the exception of the $300 Borden Foun- 
dation Award, all of the scholarships were 
made available by interested dairy companies 
and organizations and individuals in Georgia. 
This is the largest number of awards ever 
made in the Dairy Department. 

In making the awards, H. B. HENpsErson, 
Head of the Dairy Department, praised the 
dairy industry of the State for its interest in 
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For Really Safe Filtration PLUS a Reliable 


RAPID-FLO 


CHECK-UP... 


SF Milk Filter Disks 


Profit minded producers, fieldmen and plant personnel know the impor- 
tance of producing top quality milk. That’s why more dairy farmers use 
RAPID-FLO Single Faced Filter Disks than any other brand to improve 
milk quality and avoid loss. 

RAPID-FLO S/F Milk Filters are engineered by Johnson & Johnson for 
clean milk production and safe filtration, PLUS the extra benefit of a 
RAPID-FLO CHECK-UP for mastitis and extraneous matter. 

Urge your producers to read the important message on the bottom of 
each RAPID-FLO S/F carton. They'll find the complete story on improv- 
ing milk quality and profit with the RAPID-FLO CHECK-UP. 


FILTER PRODUCTS DIVISION 


«folnson 


4949 West 65th Street ¢ Chicago 38, lilinois 
Copyright 1960, Johnson & Johnson, Chicago 
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the future welfare of the industry by offering 
encouragement to young men of outstanding 
ability who are preparing for a vocation in 
this industry. He emphasized that the scholar- 
ships meant much more than financial assist- 
ance to those students meeting the require- 
ments set by the scholarship committee. “These 
awards have given confidence to all students 
in the Department,” he said. “They know 


they are entering a profession in which leaders 


United States Department of Agriculture at 
Philadelphia, Pennsylvania. P. A. Wet1s, Di- 
rector of this laboratory and the Directors of 
a number of Experiment Stations in the East, 
planned the first and second conferences which 
were held at the USDA laboratory in Phila- 
delphia. The third concentrates conference 
was held at the University of Wisconsin in 
October, 1958, and the fourth one was held at 
Michigan State University in March, 1960. 


a 


Left to right: Dan Barrett, Calhoun, Ga.; Joseph Harby, Walton, N. Y.; Elwin Rivenburg, Maine, 
N.Y.; Melvin Durham, Union Point, Ga.; Curtis Tumlin, Madison, Ga.; George Adams, Wrens, Ga.; 
Ronald Waddell, Sparta, Ga.; Ronald Jones, Pleasant Valley, N.Y.; Charles Jantzen, Cambridge Heights, 
N.Y. (rear); Rudolfo Villavicencio, Guatemala; Thos. R. Norris, New York City; Albert Dattell, Queens, 
N.Y.; John Dye, Middleton, Ga.; Johnny Stone, Hoagansville, Ga.; James Smith, Augusta, Ga.; Wesley 
Blair, Boston, Ga.; Joe Shellnutt, Lovejoy, Ga.; Zack Seymour, Bowman, Ga.; George Norman, Wash- 


ington, Ga. 


are looking beyond the present, and attempt- 
ing to attract the most capable personnel 
available, to the end that continued progress 
may be made.” 


Former students in the Dairy Department 
at the University of Georgia are beginning to 
make their contribution to the scholarship 
program. FRANK WIGHAM, manager and owner 
of Southland Dairy Products Company, Bain- 
bridge, Georgia, was listed among the scholar- 
ship contributors this year. GEORGE TWoOROGER, 
manager and owner of Expert Dairy Service, 
Miami, Florida, recently made a substantial 
gift to the University to be used to provide 
scholarships to dairy students. 

Ratexa Hopeson, Chief of the Animal In- 
dustry Division of the Agricultural Research 
Service, Beltsville, Maryland, spoke at the 
banquet at which the awards were made. Dr. 
Hodgson is president of the American Dairy 
Seience Association. 


Illinois News 
Milk Concentrates Conference 


The 5th Milk Concentrates Conference will 
be held at the University of Illinois on Oc- 
tober 24 and 25, 1961. 

This conference was first sponsored by the 
Eastern Utilization Research Branch of the 


Plans are being made to develop a program 
that will be pointed toward problems that con- 
front the industry. Leaders in the dairy in- 
dustry and in the experiment stations will be 
invited to suggest topics for consideration. 
The Department of Food Technology will be 
the host. 


Iowa State News 


J. T. Huser joined the staff of Virginia 
Polytechnic Institute, Blacksburg, Virginia, as 
Assistant Professor in the Department of 
Dairy Science in October, 1960. Dr. Huber 
received the doctorate in dairy nutrition at 
Iowa State University in 1960, with his thesis 
titled Digestion and Absorption of Carbohy- 
drates Delivered Directly to the Bovine Omaso- 
Abomasum. 

Earlier in the year, D. K. Horcukiss, also 
a recent Ph.D. graduate of Lowa State Uni- 
versity in Dairy Nutrition, assumed the posi- 
tion of Manager of Research Statistics De- 
partment with Ralston Purina Company, St. 
Louis, Missouri. 


Summer Institute for College Teachers 
of Statistics 


The National Science Foundation will spon- 
sor a Summer Institute for College Teachers 
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Here's how Kraft assures you 
the finest Chocolate Powder possible! 


i. We start with top-grade ingredients. 
Kraft buys only the finest grade cocoa 
and quality sucrose. Because these in- 
gredients must meet our rigid specifica- 
tions, you can count on uniformity of 
color and flavor in the finished product. 


2. We make our own stabilizer. Kraft 
extracts the stabilizer we use from Irish 
Moss which we harvest ourselves. Our 
special process assures thorough suspen- 
sion with the viscosity you desire. You 
order the formula designed for your sys- 


tem and its high safety range allows ad- 
justments in sweetness and strength 
without upsetting balance. 


3. We manufacture in small batches. 
Unlike other manufacturers, Kraft 
makes chocolate powder only in small 
batches. This permits more exact con- 
trol over. quality. A sample from each 
batch of Kraft’s powder is made into 
chocolate milk and its performance 
tested before any of the batch is shipped 
to dairies. 


Samples for classroom work made available to accredited dairy colleges. 


Just write your nearest Kraft division office. 


KRAFT FOODS—DAIRY SERVICE DIVISION 
Chicago— New York—Garland, Texas—San Francisco 
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of Statistics at Iowa State University for the 
11-wk. period from June 5 through August 18, 
1961. The Departments of Statisties of three 
other universities, Kansas State, Utah State, 
and the University of Wyoming, are cooper- 
ating with Iowa State’s statistical center in 
presenting this institute. 

Financial support in the form of stipends, 
dependency allowances, and travel allowances 
will be awarded to 50 eligible applicants. All 
American college and university teachers who 
are, or who during the 1961-62 academic year 
will be, required to teach one or more courses 
in statisties as part of their regular assign- 
ments are eligible for consideration. 

The institute is planned to provide addi- 
tional basie training in statistics for present 
and prospective teachers who, though well- 
grounded in other fields, have limited back- 
grounds in statistics. Also, it will provide 
more advanced courses and seminars designed 
to keep college and university teachers abreast 
of new developments. 

Courses are scheduled in Statistical Meth- 
ods, Theory of Statistics, Experimental De- 
sign, Survey Designs, Topics in Foundations 
of Probability and Statisties, and Intermedi- 
ate Applied Decision Theory. In addition, an 
opportunity will be provided for those inter- 
ested to observe a demonstration class in Prin- 
ciples of Statistics at the undergraduate level. 
The faculty will inelude the institute director, 
T. A. Bancrort, director of the Iowa State 
University Statistical Laboratory and head, 
Department of Statistics; R. J. as- 
soeiate professor of statistics, lowa State Uni- 
versity; H. T. Davin, associate professor of 
statistics, lowa State University; H. C. Fryer, 
head of the Department of Statistics and Sta- 
tistical Laboratory director, Kansas State Uni- 
versity; H. O. Hartiey, professor of statistics, 
Iowa State University; the institute associate 
director, D. V. HuNTSBERGER, associate pro- 
fessor of statistics, Iowa State University; 
and R. L. Hurst, head of the Department of 
Applied Statistics and Statistical Laboratory 
director, Utah State University. Guest lee- 
turers will present a series of special seminars. 

Requests for information or application 
forms should be addressed to: The Director, 
Summer Institute in Statistics, 102 Service 
Building, Iowa State University, Ames, Iowa. 


Short Courses at Michigan State University 


The short course schedule for 1961 at Michi- 
gan State University, East Lansing, is as 
follows: 

Quality Control and Analysis—Jan. 9-20; 
Cottage Cheese and Cultures—Jan. 23-Feb. 3; 
Market Milk—Feb. 6-17; Ice Cream—Feb. 20- 
Mar. 3; Dairy Plant Supervision—Mar. 6-17; 
Dairy Engineering—Feb. 28-Mar.1. 

Anyone interested should write to Short 


Course Department, Michigan State Univer- 
sity, East Lansing, Michigan. 


Ohio News 


Plans currently are being completed for the 
28th Annual Dairy Technology Conference, to 
be held on the Ohio State Campus, February 
7-9, 1961. The Conference will cover five major 
areas: Milk Supply; Plant Management and 
Operation; Engineering; Quality Control and 
Cultured Products; and Ice Cream Operations. 
Approximately 500 are expected to attend the 
various concurrent sessions, which will include 
presentations by some 35 visiting speakers and 
several staff members. 


The College of Agriculture and Home Eeo- 
nomies is holding a series of meetings with 
Agricultural Industry leaders to aequaint them 
with the Agribusiness and Agriscience aspects 
of the revised curricula offered by the College. 
Under the leadership of Dean R. M. Korrman, 
the program is designed to enlist the support 
of key industrial personnel in interesting more 
students in the varied opportunities which 
exist in the broad field of Agriculture. 

As another aspect of the College’s efforts io 
provide prospective students with every pos- 
sible opportunity to choose a career in Agri- 
culture best suited to their interests and quali- 
fications, three Career Days are held during 
the academic year. On these days, high school 
students and their parents and teachers from 
throughout Ohio are invited to the College, 
where the broad aspect of Agriculture careers 
is discussed with them. By means of literature, 
displays, and department tours, the individual 
departments then present to those interested 
the programs and opportunities available in 
specific fields. The first of these events was 
held on December 3, 1960, with about 200 in 
attendance. The second is planned for Feb- 
ruary 4. 


I. A. Gounp, Chairman of the Dairy Tech- 
nology Department, returned November 1 
from 3 mo. association with United Nations 
International Childrens Emergency Fund and 
the Foreign Agricultural Organization of the 
United Nations. During this association, he 
conducted a survey of dairy training needs 
and opportunities abroad, with particular ref- 
erence to India. Countries visited in con- 
nection with the program included England, 
Italy, Yugoslavia, Iran, Iraq, Pakistan, and 
India. The purpose of the survey was to de- 
termine ways and means of providing ample 
qualified personnel to operate the dairy 
schemes being developed in those countries. 


W. J. Harper, who has been on leave from 
the University and the Ohio Agricultural Ex- 
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DAIRY INDUSTRY PLANT TRAINING MANUAL 


Prepared by 


A Committee of the American Dairy Science Association 


An Aid in Developing Future Management 
Say Industry Leaders 


“We feel the new Manual is an excellent book 
reflecting the sound thinking and hard work of 
those responsible for this publication. We plan to 
start using the Manual in ~~ Student Training 
Program this year.” 

—CULLEY ROBERTS, 
Carnation Company 
Los Angeles, Calif. 


Prod. Gen. Mgr. 


“It is apparent today, with the lack of students 
enrolling in dairy manufactures courses in our 
schools, that the burden of responsibility of train- 
ing much needed supervisors for additions and re- 
placements in our dairy industry rests entirely with 
us. If we would devote ourselves to the use of 
publications such as the Dairy Plant Training 
Manual, and follow the program as outlined, I am 
sure we could make a vast improvement over any 
previous methods we have used.” 

—GEORGE W. MILLER 
The Borden Company 
Phoenix, Arizona 


“The Dairy Plant Training Manual is certainly 
the finest thing of its kind we have ever seen. We 
plan to use it in our plant training program.” 

—HAROLD BROWN 
The Borden Company 
Marshall, Texas 


Postpaid Prices: 


CONTENTS 


Section I states the objectives and require- 
ments of the program. 


Section II contains training schedules for all 
phases of plant operation for all types of 
plants. Many questions are asked for the 
trainee to answer before passing from one 
phase of training to the next, and progress 
reports and rating forms are provided. 


Section III covers management development. 
Many study projects are outlined which are 
not only essential to management develop- 
ment but may result in savings to the plant 
that will more than pay the cost of training. 


The Appendix contains a list of professional 
and trade organizations and reference read- 
ing publications. 


Copies will be needed by Plant Manage- 
ment, Plant Supervision, Plant Trainees, and 
Teachers, for a reference text. 


$4.00 per single copy; $4.00, less 10% for 5 to 9 copies, one order; $4.00, less 15% for ten or 


more copies, one order. 


Payment to be sent with order. 


ORDER FORM 


American Dairy Science Association 
32 Ridgeway Circle 
White Plains, N. Y. 


Please find enclosed 


copies of the Dairy Industry Plant Training Manual. 
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periment Station for 1 yr., returned te the 
Dairy Technology Department January 1. 
During his absence, the major portion of his 
time was devoted to studies at the Sweden 
Dairy Research Institute, Alnarp, Sweden. 
He also studied research developments at vari- 
ous dairy research centers in Northern Europe. 


Two new research projects recently were 
initiated in the Department of Dairy Tech- 
nology. A study of the flavor of Cheddar 
Cheese, supported by a contract with the Dairy 
Section, Eastern Agricultural Utilization 
Branch, United States Department of Agri- 
culture, and administered through the Ohio 
Agricultural Experiment Station, was acti- 
vated on November 1, 1960. A project dealing 
with factors affecting quality of consumer 
packages of cheese, supported by the Ameri- 
ean Dairy Association, was activated on Janu- 
ary 1, 1961. 


R. V. Rao returned to his native India on 
December 15, 1960, after studying in the De- 
partment of Dairy Technology for the past 
year. 


P. S. Rao, of India, and R. J. RicHarps, 
Australia, received Ph.D. degrees in December 
and are returning to their respective countries. 


H. E. Kenwnepy, Assistant Professor of 
Dairy Technology and Research Associate, 
Ohio State University Research Foundation, 
has resigned his position to become Director 
of Dairy Product Research with Johnson and 
Johnson Co., New Brunswick, New Jersey. 


Marschall Laboratory Appoints Roundy 

Z. D. Rounpy has been named to the staff 
of the newly formed Laboratory Testing Di- 
vision of Marschall Dairy Laboratory, Ine. 
He will be available to the cheese industry 
for consultation on all types of production 
and quality control problems. 

Dr. Roundy comes to Marschall Laboratories 
from the Research Division of Armour and 
Company, Chicago, where he spent the last 

23 yr. His B.S. and 
M.S. degrees are from 
Utah State Agricul- 
tural College, Logan, 
Utah, and his Ph.D. in 
Dairy Industry from 
the University of Wis- 
consin. 

Dr. Roundy is widely 
known in the industry 
for his work in the de- 
velopment of the hy- 
drogen peroxide—cata- 
lase treatment of milk 
for the manufacture of 
cheese. He obtained 


the original patent for manufacture of Swiss 
Cheese by the hydrogen peroxide—catalase sys- 
tem. He is experienced in all fields of the dairy 
industry and has done research and develop- 
ment work on the enzymatic treatment of 
milk, the enzymatic treatment of cheese to 
aid flavor development, production of all types 
of hard and soft cheese, of process cheese 
and development of new processes in cheese 
manufacture. He also has had commercial 
experience in the manufacture of butter, ice 
cream, and evaporated milk. 


For a number of years, Dr. Roundy has 
been active in the Research Committee of the 
National Cheese Institute. He has been on 
the Subcommittee on Sanitary Standards of 
the Dairy Industry Committee, and the Dairy- 
wide Co-ordinating Committee on Nutritional 
Research, as well as on the Cheese Advisory 
Committee to the Quartermaster Food & Con- 
tainer Institute. He is a member of the Ameri- 
can Dairy Science Association and has served 
on several committees in this organization. 


STUDENT NEWS SECTION 
J. E. Jounston, Editor 


A Section Devoted To News Of Student 
Activities 


CHAPTER ACTIVITY CONTEST 

The student chapter activity contest is to 
be held again during the 1961 Convention. 
The chapter activity is evaluated by a panel 
of judges who base their selection on the 
chapter exhibit (Serapbook or Annual) and 
on the chapter annual report. Information on 
both these activities was mailed to each chap- 
ter early in December. Entry in the contest 
can be assured by having the annual report 
in on time and by bringing an exhibit to the 
Convention. The outstanding chapter receives 
a certificate and a $100 award. Runners-up 
receive certificates of merit. Now is the time 
to start planning your chapter participation 
in this contest. 


GRADUATE STUDENT SCIENTIFIC PAPER 
PRESENTATION CONTESTS 

The Scientific Paper Presentation Contests 
will be conducted again during the 1961 Con- 
vention in both the Production and Manufac- 
turing sections. Each institution is entitled 
to enter one participant in each contest. Par- 
ticipants must be student affiliate members 
and must present a paper in conformity with 
the rules and regulations of the appropriate 
section of the Association. Entry in the con- 
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test is accomplished by addressing a letter to 
the section chairman indicating desire to enter 
the contest. This letter must be countersigned 
by the Major Professor and Department Chair- 
man and should accompany abstracts of the 
paper as specified in the Call for Papers for 


the 1961 Annual Meeting as published in the | 


JOURNAL OF Datry ScrencE, Vol. 43, page 1542 
(October, 1960). A carbon copy of the letter 
of entry .°d four additional copies of the 


abstract should be mailed to one of the fol- | 


lowing: 

A. For Production Section Award 
Dr. Louis Boyd 
Dairy Department, Univ. of Tennessee 
Knoxville, Tennessee 

B. For Manufacturing Section Award 
Dr. W. F. Shipe 
Department of Dairy Industry 
Cornell University 
Ithaca, New York 


Contestants will be judged by a panel of 
judges in each section and the first-place con- 
testant will receive a certificate and a $100 
prize. Runners-up will receive Certificates of 
Merit. The deadline for submission of papers 
is February 26, 1961. 


DAIRY CLUB ANNUAL FALL FIELD TRIP 


Warren Suchovsky, Steve Crotz, Dr. Roy Emery 
(Club Advisor), and Pete Pierpont discuss pro- 
duction of pharmaceutical products with an Upjohn 
Fermentation Plant Supervisor. 


On November 5, the Michigan State Uni- 
versity Dairy Club held its annual fall field 
trip. Eleven Dairy Club members and the 
club advisor, Roy Emery, visited the Upjohn 
Pharmaceutical Company at Kalamazoo, Mich- 
igan. 

With GeEssERT as guide, the group 
first toured the downtown research tower. 
Here were viewed many of the facilities which 
are used for research purposes by the nearly 
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MAKE THE 
BEST ICE CREAM 


You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing an 

freezing equipment, the finest packaging—And 
The Firest Stabilizer—KELCO STABILIZER. 


Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 


75 Terminal Ave., Clark, N. J. 

20 N. Wacker Drive, Chicago 6, Ill. 

530 W. Sixth St., Los Angeles 14, Calif. 
Cable Address: KELCOALGIN—CLARKNEWJERSEY 


Speeding the Practical 
Application of Advances in 
Dairy Research through .. . 


Qualified Research Personnel 


|| © Active Research Program utilizing: 
——> a 100-head purebred 
research herd 


——> identical twin females 


* Beacon Dairy Feed Programming 
—— herd potential analysis 
——> roughage evaluation 


——> grain feeding programmed 
to balance nutrient needs 


© 41 years of Experience in Practical 
Dairy Feed Formulation 


BEACON FEEDS 
THE BEACON MILLING COMPANY 
A division of Spencer Kellogg and Sons, Inc. 


| CAYUGA, N. Y. 
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600 people engaged in research and develop- 
ment at Upjohn. 

Then, the group traveled to the Portage road 
manufacturing plant. There they toured the 
fermentation plant, where they saw the machin- 
ery and production processes used in the pro- 
duction of many pharmaceutical products. 

They then toured the main manufacturing 
building which has 33 acres of floor space 
under one roof. More than 600 Upjohn prod- 
ucts are packaged here for shipment to many 
different parts of the world. 

The last stop on the tour was to the re- 
search farm, where the group saw the many 
facilities available for the Veterinary Research 
Program. 

Following the tour, the group had lunch as 
guests of the Upjohn Company at Gull Lake 
Inn. 


FROM THE SECRETARY’S DESK 


Fellow members, have you ever said to your- 
self, “Why doesn’t the Editor publish this?”, 
or, “Why does he publish that in the 
JouRNAL?”, or, “Why doesn’t the President 
do this or that?”, or, “What does the Secre- 
tary do with his time?”, or, “Why did the 
Board of Officers vote to do it that way?” If 


some of these questions never come to your 
mind, then you are not a “thinking member 
with a dairyman’s taste for curiosity.” 

If you have a gripe or something good to 
say about something or somebody, it doesn’t 
pay to harbor it too long. Letters to the 
Editor or any one of the Officers, same to be 
published in the Journau if it seems feasible, 
are always in order and I am sure will receive 
a courteous reply. 

—H. F. Jupkins 


News of Borden’s 


The Borden Company has purchased a ma- 
jority interest in Pasteurizadora de Helados 
Club, S.A., a leading manufacturer and dis- 
tributor of ice cream in Venezuela. 

Helados Club was organized in 1954, the 
result of a merger of two companies. Its head- 
quarters and principal plant are in Caracas, 
the Venezuelan capital, and a second plant is 
located in Maracaibo. With factories in the 
two prineipal cities, Helados Club extends its 
distribution tou Barquisimeto, the third largest 
center, Maracay, Ciudad Bolivar, and other 
cities. The Venezuelan management will con- 
tinue to operate the business, aided by Borden 
technical personnel. 


FOR TECHNICAL HELP... 


In addition to supplying you with high quality 

chocolate flavorings and coatings for your ice 

cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

3. Refer your problems to one of our consultants 
specializing in technical ice cream problems. 

4. Conduct research on new ideas suggested 
by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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Western Condensing Promotes Alesch 


The final step in completing the moderniza- 
tion and expansion program for the Technical 
Service Department at Western Condensing 
Company, Division of Foremost Dairies, was 
recently taken with official announcement that 


E. A. ALEscH has been 


promoted to the post of 
Technical Service Man- 
ager. 

Mr. Alesch has been 
with Western since 1947 
in product develop- 
ment, technical service, 
and sales capacities. 


with the dairy and bak- 
ing industries for 25 
yr. and is active in 
the Dunwoody Institute 


stitute of Baking. 


E. A. Alesch 


News from the National Institutes of Health 


The appointment of D. R. Linpsay as Chief 
of the Division of Research Grants has been 
announced by the National Institutes of 
Health, Bethesda, Maryland. He is succeed- 
ing E. M. ALLEN, who has been brought into 
the Office of the Director, NIH, as Associate 
Director for Research Grants. Dr. Lindsay 
will be assisted by C. C. PoweLt, who has 
been named Deputy Chief. 

Dr. Lindsay is a career Public Health Serv- 
ice Officer, who came to the Division of Re- 
search Grants in 1953. In 1955, he was made 
Seientifie Director of the Division and in 
1957, Assistant Chief. Prior to 1953, he was 
associated with the Communicable Disease 
Center in the Bureau of State Services. 

Dr. Powell is also a career Public Health 
Service Officer previously identified in the 
field of radiological health in several Service 
capacities. Most recently, he has been As- 
sistant Grants Branch Chief for Clinical Re- 
search in the Grants Review Branch of the 
Division. 


Ralston Purina Company Research Fellowship 
Awards for 1961-62 


The objective of these fellowships is to 


He has been associated | 


and the American In- | 


assist in the training of additional personnel | 
for leadership in the science of livestock and | 


poultry production. 

Any individual qualified for graduate study 
in any Land-Grant Agricuiture College or 
approved Veterinary College (including Cana- 
dian Colleges) who possesses desirable per- 


Where Progress Keeps 
Ahead of Tomorrow 


Aids Dairy Industry to Higher Quality Standards 


MORE NEW PRODUCTS 

New approaches, procedures, formulations, and 
packaging improvements. 

MORE AUTOMATION 

Expanded engineering staff for plant and farm 
automation and CIP cleaning. 

MORE FARM SERVICES 

Enlarged division for pipeline milker and bulk 
tank quality clinics and cleaning demonstrations. 
MORE CULTURE SERVICES 

Extended line of cultures, products, related equip- 
ment, in-plant problem assistance. 


MORE EQUIPMENT 
Wider range for plant and farm automation, spray 
sanitizing, acidified rinsing, proportional feeding. 


MORE RESEARCH 
Added facilities for product development, basic 
fesearch, materials testing, trouble-shooting. 


MORE MANPOWER 
Ever-broadening field representation, sales-serv- 
ice, and technical assistance. 


 KLENZADE PRODUCTS, INC. 


Systematized Sanitation All Over the Nation 
DEPT.20A BELOIT, WISCONSIN 
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I Since 1906—thechoice 
of quality-minded 
1 dairy people — 


MARS 


i The container bearing the Marschai! 
a stamp is your assurance of dairy 
supplies of the highest quality. 
| Specify Marschall Rennet Extract ® 
Rennet Paste and Powder ® Cheese 
7 Color ® Annatto Food 
Colors @ Cottage 
Cheese Coagulator 
Tablets ® Marlac 
Culture @ Milk- 
testing Equip- 
ment and 
Supplies 


Write for 
descriptive t 
literature i 
MARSCHALL 
DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN | 


sonal qualifications and sudmits a completed 
application may be eligible. The application 
and required information must be in the hands 
of the Awards Committee by March 1 of the 
year the Award is to be made. 

Not more than ten Research Fellowships 
shall be awarded annually, based upon quali- 
fications, as follows: three each in dairy hus- 
bandry, animal husbandry, and poultry hus- 
bandry; and one in the field of veterinary 
seience. 

Amount of Fellowship—#$2000. 

Application blanks for these Fellowship 
Awards may be obtained by writing the Rals- 
ton Purina Research Awards Committee, ¢/o« 
Mr. J. D. Sykes, Ralston Purina Company, St. 
Louis 2, Missouri. 


Completed Theses 
Ph.D. Degree: 


P. S. Rao—Isolation and characterization of 
the heat-inducted protein complex in milk. 
The Ohio State University, Columbus. 


Ross J. Ricnarps—The effects of antibiotics 
on lactic streptococci and lactic strepto- 
coceal host-phage relationships. The Ohio 
State University, Columbus. 
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Dairy Technology Societies 


Atlanta—A Christmas party was given at 
Yohannin’s Restaurant December 5. Special 
entertainment was provided and the speaker 
was Don Stewart, Announcer WSB-TV. 


Central Illinois—This group also enjoyed a 
Christmas party—at the University YMCA, 
Champaign. The speaker yas G. W. Shadwick, 
director of foreign operations for Beatrice 
Foods Company. His topie was A Milkman 
in Malaya, illustrated with colored movies. 


Detroit—The annual Ladies Night and 
Christmas party was held at Cregars on Grand 
River, December 12. Speaker was Hap Bowser 
of Dairy Pak. 


Kansas City—A buffet turkey dinner was 
served at the Elks Club for the December 
(Christmas) meeting. No speeches or formal 
program were provided, but the evening was 
entirely social. 

Ohio—The January meetings—held January 
4 for the Northeastern Ohio group and Janu- 
ary 5 for the Maumee Valley Society—fea- 
tured Mike Hales of the Klenzade Company, 
speaking on How Should Cultures and Cul- 
tured Products Be Handled in the Dairy 
Plant? January meeting of the Cincinnati 
and Central Ohio Societies was held January 
4 and 5, respectively. Wayne Churchill of 
the American Dairy Association discussed 
Sales and Sales Promotion. 


Philadelphia—December meeting was held 
December 8, with Ridgeway Kennedy, Jr., 
Chairman of the Board of Abbotts Dairies, as 
speaker. Mr. Kennedy addressed the group 
as Chairman of the Standards Committee of 
the International Association of Ice Cream 
Manufacturers, providing the latest informa- 
tion from the Federal Food & Drug Admin- 
istration. 


Tri-State—A buffet dinner-dance was given 


December 14 at the Mona Lisa Lounge—the 
group’s usual Christmas event. 


Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—lInsecticide Testing and Sereening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


PO. Box 2217-X, Madison 1, Wisconsin 
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EXTRA COPIES 


of 


GOLDEN JUBILEE ISSUE 


of 


Journal of Dairy Science 
AT $3.50 EACH 


The Golden Jubilee Issue contains 39 articles dealing with the follow- 

ing subjects: 

A history of the American Dairy Science Association 

Progress in the basic chemistry and bacteriology of milk 

Research developments in the fields of dairy manufacturing and dairy pro- 
duction 

Climatic physiology of cattle 

Nutrition and feeding of dairy cattle 

Grassland farming 

Diseases of dairy cattle 

Fifty years of progress in dairy extension, D.H.I.A., dairy cattle breed asso- 
ciations, dairy trade associations, and dairy publications 

The mysteries of the rumen 

The physiology of milk production 

Evaluation of milk nutrients 

Dairy cattle genetics and artificial insemination 

Dairy sanitation 

Dairy plant operations 

Dairy farm and plant engineering 

Dairy marketing problems 

Progress in the teaching of dairy subjects 


As the number of copies is limited, do not delay in sending your order to 


H. F. Judkins, Secretary 
32 Ridgeway Circle 
White Plains, N. Y. 
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ADVERTISERS INDEX NUMBERED BLENDS 
Beacon Milling Company .........................11 SPEED PRODUCTION 


Blumenthal Bros. Chocolate Co. Eliminate lost batches, save 


time, speed production. Use 
Numbered Blends and the 
Dairy Laboratories system 
of rotation that supplies high- 
est quality fresh culture every 
week to keep aroma, body, 
flavor and production uni- 
form in all fermented milk 
products. 


Dairy Laboratories 


Difeo Laboratories . 
Johnson & Johnson 


Keleo Manufacturing Co. 
Klenzade Products, Ine. ........... 
Kraft Foods 


Marschall Dairy Laboratories, Inc. 14 | FLAV-O-LAC 
Mojonnier Bros. Company ...... 16 FL AKES 


The Nestlé Co., Ine. .... COVER 3 Write for details in our free Culture Booklet 


THE DAIRY LABORATORIES 
2300 Locust Street 
Philadelphia3, Pennsylvania 


Pennsalt Chemicals Corp. .................. 


Wisconsin Alumni Research Foundation 14 


Branches: New York + Washington, D.C. 


When Farmer’s Cooperative Creamery, Madison, South Dakota 
installed the Mojonnier Lo-Temp Process 
in its entirely new plant, 


it became the 
WORLD’S 
FIRST DAIRY PLANT 
TO BE BUILT 
WITHOUT A BOILER! 


No boiler — no steam — no 
water — no water disposal 
problem is the modern day 
achievement of the Mojonnier 
Lo-Temp Evaporator — Spray 
Dryer System. Using the heat 
pump principle, the system 
produces 825 pounds of pre- 
mium grade nonfat dry milk 
per hour at Farmer’s Coop- 
erative on a continuous 
production basis. Features in- 
clude in-place cleaning, re- 
tention of maximum Whey 
Protein Nitrogen values, Above: A primary feature is that the steel framework which supports 
pushbutton operation, and the Lo-Temp Evaporator and Spray Dryer equipment also supports the 
lowest production cost. per low cost outer sheathing. Arrow points to completed structure. 


pound of dried product. Milk 
is evaporated at temperatures 
below the cow’s body tem- 
perature. 


Full details are in Builetin 372-18. Write for it today 
MOJONNIER BROS. CO. 4601 W. Ohio St. Chicago 44, Illinois 


LO-TEMP PROCESS 


7 QUALITY ENGINEERED FOR EC: 


| 
= | 
¥ ] 
| 
Bip ie 
. 
| 
4 | 


let 
ES + 


RESEARCH PAPERS 
VOLATILE CARBONYL COMPOUNDS IN STORED DRY WHOLE MILK? 


OWEN W. PARKS* anp STUART PATTON 


Department of Dairy Science, The Pennsylvania Agricultural Experiment Station, 
University Park 


SUMMARY 


Flavor constituents in the low-temperature vacuum distillate of reconstituted dry 
whole milks were largely carbonyl in nature. The 2,4-dinitrophenylhydrazone deriva- 
tives identified by paper and column chromatography, ultraviolet studies, and melting 
points revealed qualitative differences in the milks studied. The following were con- 
clusively or tentatively identified in the distillate from an average dry whole milk: 
C, through C,, C,, Cu, and C,, n-alk-2-ones; C,, C., and C, alkanals and cis- and trans- 
furfural. In contrast, a badly deteriorated powder yielded: C,, C,, C,, Cu, and Cis 
n-alk-2-ones; C, through ©;, C; through C,, C,, Cr, and Cy. n-alkanals; benzaldehyde, 
two mono- and two diunsaturated carbonyls. The poor powder could be distinguished 
from the average dry milk mainly by the large number and concentrations of alde- 
hydes it contained. 

The relative amounts of individual carbonyls in four additional dry whole milks 
manufactured and stored under various conditions were determined. The results 
suggest that the complex problem of organoleptically characterizing stale and oxidized 
flavor deterioration in dry whole milk stems in part from the large numbers and 
variable quantitative relationships of the carbonyl compounds involved. 

The absence of methyl ketones in dry whole milk prepared with deodorized milk 
fat suggests a potential means of increasing the storage life of the product. Ketone 
formation appears to be an important deteriorative mechanism in stored dairy prod- 
uets containing milk tat. 


PART I. RECOVERY AND IDENTIFICATION OF CARBONYLS 


The use of dry whole milk for beverage purposes has been hindered by its 
inadequate dispersibility in water and its tendency to develop off-flavors that 
become increasingly objectionable during storage. Although progress has been 
made in improving dispersibility, the flavor problem has not yielded appreciably 
to concerted applied research. The fact that prevention of fat oxidation, and 
associated oxidized flavor, does not satisfactorily solve this problem has been 
generally recognized. A so-called stale flavor seems to evolve in the best of dry 
whole milks. The earlier work of Whitney et al. (14) contains observations on 
such a defect. A need for additional fundamental information on this problem, 
particularly with reference to the flavor compounds involved, served as the 
impetus for this study. 


EXPERIMENTAL PROCEDURE 


Collection of volatiles. The dry whole milk was reconstituted one part of 
powder to five parts of distilled water. This product was vacuum-distilled for 
3 hr. at 35-40° C. and 15-20 mm. Hg in a 5-gal. Pyrex carboy, according to the 


Received for publication July 12, 1960. 


* Authorized for publication as Paper No. 2467 on June 24, 1960, in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. 

* Present address: Dairy Products Laboratory, Eastern Utilization Research and De- 
velopment Division, USDA, Washington 25, D. C. 


1 


the 
em 
gh- 
ery | 
dy, 
nia 


OWEN W. PARKS AND STUART PATTON 


procedure employed by Day et al. (5) and in a later study by Wong et al. (15). 
Preliminary observations on the distillate trapped by means of a wet ice and 
two dry ice—ethanol traps indicated that flavor and aroma in the trapped dis- 
tillate were due mainly to carbonyl compounds. The odor of the distillate was 
dissipated upon the addition of 2,4-dinitrophenylhydrazine* reagent, but was 
not materially influenced by the addition of acid or base. On the basis of these 
results, the carbonyl compounds in a relatively good dry whole milk and a 
decidedly stale, oxidized product, as determined by an experienced taste panei, 
were investigated to determine the differences in their carbonyl components. 
Twenty-five pounds of each product was employed in this investigation, neces- 
sitating five individual vacuum distillations on each powder. 

Preparation of DNP hydrazones. To the distillate from reconstituted dry 
whole milk was added an acid solution of DNP hydrazine reagent (2 g. of 
2,4-dinitrophenylhydrazine per liter of 30% HeSO,4). The distillate-reagent mix- 
tures from all three traps were combined and held at 40° F. for seven days (2). 
The DNP hydrazones were extracted with carbonyl-free hexane and the extract 
dried with NagSO,. The solution then was filtered and evaporated under vacuum 
to a volume suitable for column chromatographic separations. 

Chromatographic separations of DNP hydrazones. Initial separation of the 
DNP hydrazones was accomplished by the column partition chromatography 
methods A or B of Day et al. (4). Despite the merits of these procedures, they 
lack the ability to separate mixtures of DNP hydrazones with the following 
formulas: Alk-2-oney, alkanaly ,,, alk-2-enaly , 2, alk-2,4-dienaly , 4, where N is 
equal to the number of carbon atoms in the ketone. Therefore, when it was 
apparent that mixtures of DNP hydrazones were present in the bands separat- 
ing on the partition column, pure derivatives were obtained in many cases by 
collecting the forepart of the fraction or numerous small fractions from each 
band. In certain instances, further separations of mixtures from the partition 
column were accomplished by the adsorption chromatography method of 
Gordon et al. (7). 

During the latter stages of the investigation the paper chromatographic 
method of Gaddis and Ellis (6) was published, which method succeeds in the 
separation of the previously mentioned DNP hydrazone mixtures. The tentative 
identification of some higher molecular weight carbonyls was effected wiih their 
procedure. 

Identification of DNP hydrazones. Tentative identifications of the DNP 
hydrazones were accomplished by comparing retention volumes of the unknown 
derivatives on the column partition chromatograms with those reported by 
Day et al. (4) for known derivatives. Rf values by paper chromatography 
also were used for this purpose, i.e., the method of Huelin (8) for carbonyls 
up to eight carbons in chain length and the method of Klein and de Jong (11) 
for carbonyls of higher molecular weight. Both procedures were used in con- 
junction with ultraviolet spectral analysis in 95% ethanol and in 0.25 N NaOH 
in ethanol according to the reports of Braude and Jones (1) and Jones et al. 


%2.4-Dinitrophenyl is abbreviated DNP throughout. 
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(9). The use of alcoholic NaOH was especially effective in differentiating be- 
tween aldehyde and ketone DNP hydrazones. Conclusive identifications were 
obtained by melting point and mixed melting points with authentic DNP 
hydrazones on a Fischer micro-melting point apparatus. 


RESULTS AND DISCUSSION 
Identification data for carbonyl compounds from the good and deteriorated 
dry whole milks are given in Tables 1 and 2, respectively. 


TABLE 1 


Spectral and melting point data in the identification of DNP hydrazones of carbonyl 
compounds from a relatively good dry whole milk 


Absorption maximum Melting point 
(mz) CRE) 
DNP* 
hydrazone Observed Reported Observed Authentic Mixed 
Cis-furfural 369 379 230-235 232 
Trans-furfural 375 386 
Formaldehyde 345 346 165 166 166 
i Acetaldehyde 356 356 157 157 157 
; Acetone 362 363 126.5 127 126.5 
Butanone-2 360 362 105.5 116 106 
Pentanone-2 362 362 143 143 143 
Hexanone-2 360 362 106 106 106 
Heptanone-2 362 362 71- 72 72 2 
Nonanal 358 102 
Nonanone-2 362 362 37 38 38 
Undeeanone-2 360 362 
Pentadecanone-2 360 362 ee 
* Tentative identifications based on data from paper and column chromatograms. 
TABLE 2 


Spectral and gnaltiog point data in the identification of DNP hydrazones of carbonyl 
compounds from a deteriorated dry whole milk 


Absorption maximum Melting point 
hydrazone Observed Reported Observed Authentic Mixed 
Formaldehyde 345 346 165 166 166 
Benzaldehyde 378 378 237 238 238 
Acetaldehyde 356 356 157 157 157 
Acetone 362 363 126 127 126.5 
Propanal 358 358 152 149-152 150-152 
Butanone-2 360 362 116.5 116 114 
Pentanal 358 358 98 99 98 
Hexanal 356 358 106 106 106 
Heptanal 358 358 106 104 104 
Octanal 358 358 105 106 105 
] Nonanal 358 358 103 102 102.5 
Unidentified 377 160-162 


* Tentative identifications based on data from paper and column chromatograms. 
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The presence of methyl ketones in these products was not unexpected, since 
they have been reported previously (15) in dairy products undergoing sub- 
stantial heat treatments. The precise origin of these compounds in milk fat, 
however, is not known at this time. 

The results of this study indicate that fat oxidation had been initiated in 
the relatively good dry whole milk and had progressed to a greater extent in 
the deteriorated product. Saturated and unsaturated aldehydes are known 
products of lipid autoxidation. Tentative identification of nonanal as the 
only higher aldehyde in the good powder does not preclude the existence of 
other aldehydes. Failure to detect such compounds may be attributed to low 
concentrations and the lack of adequate methods of separation for various 
aldehyde-ketone DNP hydrazone mixtures as previously mentioned. Although 
data usually sufficient for conclusive identification were obtained on four un- 
saturated carbonyls in the case of the deteriorated product, the results could 
not be correlated with those for any known unsaturated carbonyls. Regeneration 
of the derivatives in question with one part H2SO, and one part water resulted 
in odors suggesting the presence of unsaturated aldehydes. 

The flavor characteristics of the two dry milks used in this investigation 
suggest that the differences lie in the type and concentration of carbonyls 
present. The deteriorated product had by far the largest concentration an/] 
variety of carbonyls. Whereas the relatively good dry whole milk was char- 
acterized mainly by the presence of methyl ketones, the deteriorated product 
contained both methyl ketones and saturated and unsaturated aldehydes. This 
suggests that differences in flavor of the products can be attributed to the alde- 
hyde content of the powders. However, the term relatively good, used to 
deseribe the flavor characteristic of the better powder, indicates that it had a 
typical dry whole milk flavor. In this connection, it must be remembered that 
conventional dry whole milk at its best is not generally acceptable for beverage 
purposes from a flavor standpoint. Thus, the possibility that methyl ketones 
may contribute to the normal flavor of dry whole milk needs to be considered. 


PART II. RELATION OF CARBONYL CONCENTRATIONS TO FLAVOR QUALITY 


Part I of this report has shown that volatile carbonyl compounds are in- 
volved in flavor deterioration of stored dry whole milk. The second part of 
the investigation was undertaken to determine the type and relative concentra- 
tions of carbonyls in dry whole milks manufactured and stored under various 
conditions. Flavor studies on the reconstituted products before and after 
vacuum distillation and flavor evaluations of the distillates from these products 
were also conducted to establish whether any correlation exists between the 
off-flavors of the products and the type and quantities of volatile carbonyls 


they contain. 
EXPERIMENTAL PROCEDURE 


Samples: The quantitative determinations of this investigation were con- 
dueted on four samples of dry whole milk packed and stored under the following 


conditions : 
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Sample A—Packed in an atmosphere of nitrogen and stored at 40° F. for 
a period of 6 mo. 

Sample B—Packed in an atmosphere of nitrogen and held at 40° F. for 
27 mo. 


Sample C—Vacuum-packed and held 3 mo. at 100° F., followed by further 

storage at 40° F. for 3 yr. 

Sample D—Prepared with deodorized milk fat and stored for 9 mo. at 70° F. 

in an atmosphere of nitrogen. 
A sample of pasteurized, homogenized milk was included as the control sample 
in this study. Ten pounds of Samples A, B, and C; 5 lb. of Sample D, and 4.85 
gal. (5.0 lb. of milk solids) of the fresh product were employed. 

Collection of volatile carbonyls and preparation of 2,4-DNP hydrazones. 
The collection of volatile carbonyls and their conversion to 2,4-DNP hydrazones 
were accomplished according to procedures reported in Part I. The DNP 
hydrazones were separated initially by the chromatographic methods A or B 
of Day et al. (4), employing 40-50 g. of celite. The forerun to the first band 
eluted from the columns was rechromatogrammed by Method A or the method 
of Corbin et al. (3), to isolate DNP hydrazones not observed on the column in 
the initial separation. 

Each individual fraction separated by the column chromatographic pro- 
cedures was divided into two equal parts. Tentative identification of the DNP 
hydrazones by ultraviolet studies and paper chromatography, using the methods 
of Gaddis and Ellis (6), Klein and de Jong (11), and Huelin (8), was per- 
formed on one part of the original fraction. The remaining part was used for 
quantitative studies. 

Quantitative studies. For quantitative evaluation, the fractions were evapo- 
rated to dryness and redissolved in a definite volume of purified hexane or 
95% ethanol. An accurately measured sample was streaked on filter paper and 
chromatogrammed either by the method of Gaddis and Ellis or’ that of Huelin. 
The separated bands were cut from the paper, extracted with 95% ethanol, 
filtered, and evaporated to dryness under vacuum. The DNP hydrazone residue 
was taken up in a definite volume of 95% ethanol and the optical density ob- 
tained at the wavelength of maximum absorption (previously determined by 
the qualitative studies). In general, the optical densities of the DNP hydra- 
zones of aldehydes were made at 358 my, of ketones at 363 my, and of monoun- 
saturated aldehydes at 375 my. Formaldehyde and acetaldehyde DNP hydra- 
zones were analyzed at 345 and 356 my, respectively. Calculations for deter- 
mining the concentrations of carbonyls in the various products were made as 
deseribed by Wong et al. (15). 

Flavor studies. Prior to distillation of the products, 10 g. of each was 
reconstituted with 80 ml. of distilled water. These samples, the distilled milks 
adjusted to normal total solids and the distillates, were evaluated by a taste 
panel of three experienced observers. Table 3 presents the flavor observations 
on these samples, together with the types of carbonyls found in the dry milks. 
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TABLE 3 


related to the types of carbonyl compounds detected in the distillates 


Sample 


A 


Pasteurized, 
homogenized 
fresh milk 


Storage 
conditions 


Nitrogen- 


packed 
Held 6 mo. 
at 40° F. 


Nitrogen- 
packed 
Held 27 mo. 
at 40° F. 


Vacuum- 
packed 
Held 3 mo. 
at 100° F. 
+3 yr. at 
40° F. 
Nitrogen- 
packed, 
deodorized 
milk fat 
Held 9 mo. 
at 70° F. 


Flavor of 
produet 
prior to 
vacuum 

distillation 


Odor char- 
aeteristies 
of 
distillate 


Rough, lactone, 
cooked 


Typically stale, 
slightly oxidized 


Stale, coconut, 
oxidized 


Oxidized, stale 


Normal milk 
flavor 


Cooked, cheesy, 
buttery, waxy, 
reminiseent of 
staleness 


Old milk, alde- 
hyde-like, oxi- 
dized, pungent 


Old milk, old 
fat, ketone-like 


Old fat 


Reminiscent of 
aldehydes 


RESULTS AND DISCUSSION 


Flavor of 
product 
after 
vacuum 
distillation 
Rough, lactone, 
flat 


Flat, reason- 
ably good 
product 


Flavor im- 
proved some- 
what 


Mild, musty, 
waxy, flat 


Flat 


Type of 
carbonyls 
recovered 


Ketones 


Ketones, 
aldehydes, 
monounsatu- 
rated alde- 
hydes 


Ketones 


Low molecular 
weight ketones 
aldehydes, 
unsaturated 
aldehydes 


low molecular 
weight ketones 
and alde- 
hydes 


Concentrations of carbonyl compounds recorded in Table 4 are not absolute, 
quantitative data. Vacuum distillation under the conditions of this study does 
not allow for quantitative recoveries of volatiles from reconstituted dry whole 
milk. Moreover, it has been reported that the yields of carbonyls with DNP 
hydrazine differ between carbonyls (2, 15). However, details of the vacuum 
distillation and reaction period between carbonyls and reagent were standard- 
ized to eliminate any differences in the yields other than the actual differences 
in the products themselves. Thus, the concentrations listed in Table 4 are 
considered valid for the purpose of determining differences between the samples 
analyzed. 

An analysis of the data presented in Table 3 indicates that with the possible 
exception of Sample C, vacuum distillation was effective in removing sufficient 
quantities of flavor-producing compounds, especially those related to staleness, 
to materially improve the flavor of the reconstituted products. Thus, the role 
of volatile carbonyls in the off-flavors of dry whole milk, as established in Part 
I of this study, is indicated again. 

Data in Table 4 reveal that with the exception of the lower molecular weight 
aldehydes and ketones, the carbonyls identified are present as a result of heat 
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TABLE 4 


Concentratious of carbonyls obtained from various dry whole milk products 
(mg. per 10 Ib.) 


Sample 

Carbonyl A B C D* Control 
Acetone 2.01 5.63 2.34 1.66 24.71 
Butanone-2 0.07 0.24 0.31 0.35 3.04 
Pentanone-2 0.06 0.35 0.39 
Hexanone-2 0.30 1.20 0.97 0.17 0.23 
Heptanone-2 0.27 0.44 0.96 
Nonanone-2 0.04 0.09 0.18 
Undeeanone-2 0.02 0.03 0.06 

Trideeahone-2 0.01 0.01 0.02 ; 
Formaldehyde 0.15 0.33 0.2 0.25 0.08 
Acetaldehyde 0.22 0.84 1.05 0.22 0.08 
Propanal 0.09 0.34 
Hexanal 0.01 2.26 0.54 
Heptanal 0.94 0.28 
Oetanal 0.35 0.09 
Deeanal 0.02 “0.16 
2-Hexenal 
2-Heptenal 0.29 
2-Octenal 0.02 
2-Decenal 0.06 = 


“Sample contained two mono- and two diunsaturated carbonyls of unknown identities. 


processing and storage of the dry whole milks. The exact role of the different 
carbonyl classes in the various off-flavors is not clear. The dominant carbonyls 
in Samples B and D were saturated and unsaturated aldehydes, whereas Sample 
C contained only methyl ketones with the exception of formaldehyde and 
acetaldehyde, normal components of all products investigated. Al! three prod- 
ucts were criticized as containing both oxidized and stale flavors. If the panel 
members were of one mind as to the nature of staleness, this suggests that the 
defect may be caused by more than one combination of compounds and that the 
off-flavor may change qualitatively with change in the concentrations of the 
responsible compounds. Although this study has not yielded entirely adequate 
data on the stale-oxidized relationship, the following scheme seems to account 
rather well for the information in Table 3. 


Carbonyl concentration 
Low Medium High 

Ketones stale —————> oxidized 

Aldehydes stale —————> oxidized 
This scheme assumes that ketone formation somewhat precedes aldehyde forma- 
tion, that in general aldehydes exhibit lower flavor thresholds than ketones, and 
that both classes of compounds can impart the impression of staleness near 
threshold. The need for threshold and flavor characterization studies on indi- 
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vidual as well as mixtures of carbonyls is quite evident before definite conclu- 
sions concerning their significance in staling can be drawn. 

Deodorization of milk fat, prior to the manufacture of dry whole milk, is 
apparently an effective means of improving the final flavor of dry whole milk. 
Methyl ketones are noticeably absent in products prepared from deodorized 
milk fat. The formation and removal of odd-numbered methyl ketones during 
steam-stripping of butterfat has been reported (12). In addition to flavor 
improvement due to the removal of ketones, the deodorization process forms 
and removes lactones (13) which are responsible for the coconut-like flavor of 
dry whole milk (10). The identification of saturated aldehydes in the product 
prepared with deodorized milk fat indicates that although the product was 
originally nitrogen-packed, autoxidation apparently oceurred in one or more 
of the five cans of sample used. 
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A METHOD OF CONCENTRATING RIPENED CHEESE VOLATILES 
FOR GAS CHROMATOGRAPHY 


R. SCARPELLINO* anp F. V. KOSIKOWSKI 
Department of Dairy Industry, Cornell University, Ithaca, New York 


SUMMARY 


A method has been developed for concentrating the volatile organic compounds in 
ripened cheese for gas chromatographic analysis. The method consists of a rapid, room 
temperature churning of a cheese slurry and centrifugation of the resulting heated butter. 
The dry aromatic oil which is obtained is subjected to high vacuum distillation and the 
distillates are fractionated. With fully mature Blue Cheese, an organic layer separates 
from the distillate and is easily isolated and dried. With Cheddar Cheese and immature 
Blue Cheese, the distillates are extracted with ether and the extract evaporated in the 
presence of a small amount of high-boiling solvent, benzyl alcohol, which acts as a carrier 
for the volatiles to be analyzed. 


Gas chromatography is a helpful supplement to the analytical techniques 
commonly used in cheese ripening and flavor research. One difficulty in its use 
is that of obtaining a sample suitable for injection into the apparatus. A suitable 
sample, as defined here, is that obtained from the original product by a relatively 
nondestructive process which will neither alter the volatile compounds already 
present nor create new ones. This volatile organic fraction should be free from 
excess water and organic solvents which mask the chromatogram and should 
contain enough volatiles for several gas chromatographic separations. 

Earlier, an atmospheric steam distillation of aqueous Cheddar and Blue 
Cheese slurries from 8 and 36 lb. of cheese, respectively, followed by ether 
extraction of the distillate was reported by Jackson et al. (4,5). This method 
produces the best yield of volatile components but steam distillation, especially 
at atmospheric pressure, carries with it the danger of altering some of the 
existing volatile compounds and causing further hydrolysis of protein and fat. 
Patton (7) has shown that steam vacuum distillation of butter oil, a relatively 
mild treatment, can produce methyl ketones. Also, making an aqueous slurry 
from cheese usually involves the addition of an equal part of water. From 8 lb. 
of cheese, seven liters of slurry are produced. The distillation of this volume of 
material involves either a very large-scale distillation or a time-consuming series 
of smaller distillations. 

The aroma of ripened cheese apparently predominates in the fat phase (4). 
With this in mind, an analytical technique was developed here which included 
among its steps a separation of oil from cheese, vacuum distillation of the oil, 
fractionation of the distillate, and gas chromatographic analysis of the volatile 
organie fraction. An explanation of this method is the essence of the present 
report. 
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CONCENTRATING CHEESE VOLATILES FOR CHROMATOGRAPHY 1l 


ANALYTICAL PROCEDURES AND RESULTS 


Churning and separation of fat. One thousand grams of Blue or Cheddar 
Cheese is cut into small cubes and blendorized with an equal weight of water. 
The slurry, at approximately 20° C., is agitated by hand or mechanical stirrer 
and enough 2 N HCl is added slowly to lower the pH to 4.2. Soon butter granules 
rise to the top. After agitation is terminated the granules clump together. This 
churned slurry is cooled at 5° C. for 30 min. 

The resulting butter is heated rapidly in a water bath to 48° C. and the 
melted oil is centrifuged in an International Size 2 centrifuge at 2,000 r.p.m. 
for 5 min. Three layers, oil, water, and protein, separate in the cups. The 
aqueous layer is removed with a pipette and the oil, containing small amounts 
of protein and moisture, is poured from the solid protein residue into new 
centrifuge cups containing 15 to 30 g. of anhydrous magnesium sulfate. After a 
5-min. centrifugation, a clear, dry oil with cheese aroma results and is poured 
into a distillation flask. 

Distillation. The distillation appartus consists of a one-liter round-bottomed 
flask connected directly to a vacuum trap which is connected to a T-shaped tube, 
one leg of which is attached to a McLeod gauge, the other to the vacuum pump 
(Figure 1). All connections and fittings are ground glass. After the vacuum 
pump is started, the contents of the distillation flask, agitated by a magnetic 
stirrer, are heated by an electrical heating mantle to 80° C. The vacuum trap is 
submersed in liquid nitrogen. When the pressure of the system is down to less 
than 5 » of mercury, the stopeock leading to the vacuum pump is closed and the 
distillation of the closed system proceeds for 4-7 hr. In this time, the pressure 
increases to 25-50 » (mercury). The vacuum is then released and the contents 
of the trap collected. For a test compound, ethyl butyrate (B.P. 121° C.), the 
yield of the distillation is approximately 30%. 

Treatment of distillates and gas chromatographic analysis. Blue Cheese. The 
distillates obtained by the above procedure from fully ripened commercial Blue 
Cheese have a total volume of approximately 0.2-0.7 ml..and have separated into 
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Fig. 1. Vacuum distillation apparatus. 
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two liquid layers. The aqueous phase (bottom) is removed with a syringe and a 
small amount of anhydrous magnesium sulfate is added to the remaining upper 
layer (organic). After standing overnight, the liquid is removed with a syringe 
from the settled drying agent. In this manner, a sample of pure organic volatiles 
(0.1—0.2 ml.) with an intense Blue Cheese aroma is obtained. A gas chromato- 
gram of 18 yl. of a typical sample at the given conditions is presented (Figure 
2). Peaks, shown here, represent only a portion of the total number of com- 
pounds. Under these conditions, 2-nonanone and other higher boiling components 
have retention times longer than 1 hr. 
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Fie. 2. Gas chromatogram of Blue Cheese volatiles.” Column temperature 80° C., 2 m.y. 
recorder span, flow rate 66 ml. per minute, column Carbowax 1540, filament current 270 m.a. 


Distillates from underdeveloped or immature Blue Cheese fail to separate 
into layers and further fractionation by a technique described in the following 
section on Cheddar Cheese is necessary. 'mmature Blue Cheeses have a rela- 
tively hard body, a small amount of blue veins, and little flaver. 

Cheddar Cheese. The distillates from fully ripened Cheddar Cheese (0.1— 
0.5 ml.) and those of underdeveloped Blue Cheese do not separate into layers 
even when saturated with potassium carbonate. To eliminate the excess water, 
which obscures the presence of certain compounds, the distillate is extracted 
with 3 ml. of ether in 1-ml. portions and the extract is dried with anhydrous 
magnesium sulfate. To the dried extract is added 50 yl. of benzyl aleohol (B.P. 
205° C.), and the ether is evaporated from the mixture at 35° C. until the ether 
aroma is no longer detectable in the liquid residue. If the benzyl] alcohol is not 
added to the ether extract, a large percentage of the volatile compounds will be 
lost in the evaporation to near dryness, because of their relatively low boiling 
points and trace concentrations. 

* Compounds indicated in this and other figures have been identified tentatively by retention 


time and functional group test. Only acetic and butyrie acid in Figure 4 have been identified 
positively by infrared spectrophotometry. 
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The benzyl alcohol retains the desired compounds and is a suitable carrier 
for injection into the gas chromatography apparatus. It does not interfere with 
the chromatogram because of its high boiling point and it will remain in the 
column until the temperature is raised far above the temperature of analysis. 
Gas chromatographic examination of 25 yl. of pure benzyl alcohol shows no 
impurities. 

A typical gas chromatogram of the lower boiling point components in a 
25-pl. sample obtained by the above technique from the distillate of an aged 
Cheddar Cheese is shown (Figure 3). 

For the analysis of some compounds in the aged Cheddar Cheese distillate 
the final ether extraction step is not necessary. If 100 pl. of the distillate is 
directly injected into the gas chromatography apparatus fitted with a Carbowax 
1540 column at 60° C. and a helium flow rate of 162 ml/min, a satisfactory 
chromatogram of polar compounds with boiling points of less than 100° C. 
(approx.) and nonpolar compounds with boiling points less than 130° C. is 
possible (Figure 4). The peaks of these compounds will appear before the water 


ETHANOL BUTANONE 


2 BUTANOL 


AIR 


WATER 


50 40 30 20 10 (@) 


MINUTES 


Fig. 3. Gas chromatogram of Cheddar Cheese volatiles in benzyl alcohol carrier. Column 
temperature 67° C., 2 m.v. recorder span, flow rate 50 ml. per minute, column Carbowax 1540, 
filament current 278 m.a. 


peak, which is delayed on the polar column. Also, by raising the temperature 
of the column to 150° C. upon appearance of the water peak, the water will be 
quickly eluted and the high boiling compounds will follow. Decreasing the 
recorder sensitivity to 10 mv. minimizes the base line change, due to the tem- 
perature increase.* 


*The gas chromatography apparatus used in this research was an Aerograph Model A-100 
equipped with a Varian recorder with a 1-10 mv. range selector switch. With other commercial 
apparatuses having thermal conductivity detectors, the described technique may iesult in a 
much greater base line change. 
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Fic. +. Gas chromatogram of distillate from Cheddar Cheese oil. Column temperature 60° C. 
until water peak, recorder span 2 m.v. before water peak, 10 m.v. after water peak, flow rate 
162 ml. per minute, column Carbowax 1540, filament current 273 m.a. 


DISCUSSION 


By removing the oil from cheese, a quick separation of a good portion of the 
volatiles from the easily decomposed protein and the bulk of the water is accom- 
plished. Previous workers have separated the oil from cheese by a variety of 
methods which include centrifuging cheese slurries at 90° C. (1), pressing cheese- 
sand mixtures in a hydraulic press (6), and churning cheese-water mixtures by 
mechanical agitation at 40° C. for 3 hr., followed by ether extraction (3). The 
present churning technique has the advantages of being very rapid and accom- 
plished at below room temperatures. Heat treatment is kept to a minimum in 
the separation of oil from the resulting butter which oils off easily. The yield 
of oil, 60%, is far greater than the yields obtained by using a hydraulic press 
or centrifuging cheese slurries in this laboratory. 

The churning rate depends upon pH and temperature. Agitation of the 
slurry at pH 4.0-4.2 and approximately 20° C. results in almost instantaneous 
churning. Lower temperatures and higher pH’s prolong the process consider- 
ably. This optimum pH range is the same as that in which the churning of 
cream occurs most rapidly (2). 

The pH adjustment serves another purpose. At the normal pH of ripened 
Blue and Cheddar Cheese, approximately 6.0 and 5.4, respectively, the fatty 
acids are predominantly in the salt form, whereas at pH 4.2 they are predomi- 
nantly in the acid form and can partition between the water and fat phase. 

High-vacuum distillation is a fairly efficient method of stripping the desired 
volatiles from the tenacious oil at moderate temperatures. Since only the cheese 
oil is distilled, it is possible to keep the distillation on a small seale, even when 
starting with several pounds of cheese. 


\ 
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At no time in the entire procedure are quantities of solvents employed which 


might cause artifacts due to the presence of impurities. 


The yields of volatile components, by the described techniques, vary with the 


variety of cheese used and the degree of ripening of the cheese. Fully ripened 
Blue Cheese gives enough pure volatile essence from 2.2 lb. of cheese for detailed 
analysis on several types of column under varying conditions. Ripened Cheddar 
gives appreciably less, but still enough for two or three separations. 


(1) 


(2) 
(3) 
(4) 
(5) 
(6) 


(7) 
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ENZYMIC DEGRADATION OF £-CASEIN BY A SNAKE VENOM 
PKEPARATION 


E. B. KALAN anp MARIE TELKA 


Eastern Regional Research Laboratory,’ Philadelphia 18, Pennsylvania 


SUMMARY 


The action of a snake venom preparation from Crotalus adamanteus on f-casein 
has been studied. The action resulted in the formation of a turbidity, which was 
measured with time in the spectrophotometer. The effects of temperature, metal ions, 
pH, and ionie nature of the medium have been observed. The reaction appears to be 
proteolytic in nature, being accompanied by an increase in ninhydrin-positive material 
and resulting in the formation of at least four different fractions from f-easein. The 
proteolytic activity always preceded the precipitate formation. The material precipi- 
tated during the reaction was essentially phosphorus-free and comprised 20-30% of 
the original §-easein. 


During the course of a study on the nature of the phosphate linkages in 
casein fractions, it had been noted that when -casein is incubated with a snake 
venom preparation having phosphodiesterase activity, turbidities developed (9). 
This phenomenon is accompanied by a shift in pH toward the acid side, as had 
been previously noted by Perlmann (14), who took this to mean the cleavage 
of phosphodiester bonds. However, this conclusion has been recently challenged 
(7, 9). The present communication reports some of the properties and charac- 
teristics of the reaction of 8-casein with an enzyme preparation obtained from 
Crotalus adamanteus. 

MATERIALS AND METHODS 


8-Casein. The casein was prepared from whole casein by fractionation in 
aqueous urea solutions (6). The preparation used in these studies had a 
moisture content of 7.62% and a total phosphorus content of 0.61% on a 
moisture-free basis. 

Enzyme preparation. The preparation used was obtained as a dry powder 
from Ross Allen’s Reptile Institute, Silver Springs, Florida, and was fraction- 
ated by the method of Sinsheimer and Koerner (16). The precipitate formed 
with 0-40% acetone was found to be most active in causing turbidity with 
B-casein. This fraction, obtained in the first acetone cycle, was dissolved in 
water and used as the enzyme preparation. It also had phosphodiesterase ac- 
tivity. It contained 8 mg. protein/milliliter as determined by the micro- 
Kjeldahl procedure, using the factor 6.25. The enzyme solution retains full 
activity when stored at 4° C. for 3 mo. 

Measurement of turbidity. The turbidity measurements were made in the 
Beckman Spectrophotometer (Model DU) at a wave length of 600 mp. The 
reaction was carried out in cuvettes of l-cm. path length at a constant tem- 
perature maintained by mears of thermospacers. 
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Measurement of proteolysis and pH. The proteolysis was measured by the 
increase of ninhydrin-positive material of the entire reaction mixture as de- 
scribed previously (9). The modified ninhydrin method of Moore and Stein 
(12) was employed, and the results were quantitated by comparison with a 
standard leucine curve. It is necessary to keep in mind that the quantitative 
data are taken only as an approximation of the degree of proteolysis, for 
reasons previously stated (9). The pH determinations were made at room 
temperature before and after the reaction, using the glass electrode. 

Measurement of nitrogen and phosphorus. Total nitrogen was determined 
by a modification of the micro-Kjeldahl method of Ma and Zuazaga (10), in 
which a mixture of K,SO, and HgO was used as catalyst during the digestion 
procedure. Inorganic orthophosphate was determined on trichloroacetic acid 
filtrates (final concentration—10% TCA) of protein solutions by the method 
of Fiske and Subbarow (5). Total phosphorus was determined as above after 
prior digestion with HoSO, (17). 


EXPERIMENTAL PROCEDURE 


The following types of experiments were carried out to study the properties { 
and characteristics of the action on B-casein of the snake venom fraction noted aan 
above. 

Turbidimetric studies. In these studies, the desired amount of enzyme was 
placed in the cuvette, which was then allowed to come to temperature, usually 
38° C., unless otherwise indicated, in the spectrophotometer. The remaining 
solution, including the casein and any other substances pertinent to the experi- 
ment, was placed in a tube immersed in a water bath at 38°C. At zero time, 
the contents of the tube was added to the cuvette to bring the final volume to 
3.0 ml. The pH of the solution in the tube had been previously adjusted, and 
since the volume of the enzyme solution was, in general, less than 0.2 ml., 
there was very little change in pH. This was verified by independent mixing 
experiments. The first reading of the optical density was made ‘1 min. after : 
mixing, and readings were continued at intervals until 30 min. had elapsed, ; 
as indicated in the accompanying figures. The pH was then measured, and a 
plot of the increase of optical density at 600 mp» with time was made. The exact 
composition of the reaction media is given below, under Results. 

Proteolytic studies. These studies were carried out separately from the 
turbidimetric studies. Tubes were incubated in a water bath at 37° C.; 0.1-ml. 
aliquots of the reaction mixture were taken at zero time and every 3 min. there- 
after until the fifteenth minute, when aliquots were taken every 5 min. until 
the experiment was concluded after 30 min. The increase of ninhydrin positive 
material was measured as previously described (9) and compared with the tur- 
bidimetrie data. Data are reported in Table 1 in terms of bonds split/30,000 
mol. wt. 

Distribution of nitrogen and phosphorus. To determine the distribution of 
N and P between the supernatant and precipitate, the following experiment 
was performed. Two reaction tubes containing 75 mg. of 8-casein, 0.75 mg. of 
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TABLE 1 
Extent of proteolysis during the action of snake venom on §-casein 
System Bonds hydrolyzed * 
(30,000 mol. wt.) 
After 6 min. At end 30 min. 
Control 1.2 3.7 
Control (T = 26° C.) 1.0 3.2 


1.3 2.4 
Substrate 400 


0 
Enzyme 
+ 3.3 X M versene (—Mg**) 0 
+ 3.3 X 10°? M versene (—Mg**) 0 
+ 8.2 X 10°* M veronal 0.8 
+ 3.3 X 10 M veronal 0 
+ 3.3 X 10° M NaCl 0 
+ 6.6 X 10 M NaCl 1 


* All values reported are the averages of at least two independent determinations. 


Control system consisted of a substrate-to-enzyme ratio of — in an unbuffered 


medium of pH 9.5 at 36° C. containing 3.3 X 10° M MgCls. All other systems were the same 
except as indicated. 


enzyme, and 50 umoles of Mg*t in a volume of 10 ml., pH 9.7, were incubated 
at 36°C. A third control tube contained no enzyme. Aliquots were taken at 
0, 15, and 30 min. to determine total N, total P, and inorganic P of the super- 
natant after the solution had been clarified by centrifugation at room tempera- 
ture at 2,000 g for 30 min. The extent of proteolysis was also measured, using 
the whole reaction mixture as described above, and the pH was also determined 
at the end of 30 min. The precipitate could be further fractionated, as will be 
described under Results and Discussion. 


RESULTS 


Turbidimetric studies. Figure 1 is the plot of a typical experiment in which 
snake venom was incubated at 38° C. in a final volume of 3.0 ml. with -casein 
(0.5%) (substrate to enzyme weight ratio of 100:1). The reaction underwent 
a pH shift of 1.2 units toward the acid side from an initial pH of 9.5, after 
correcting for pH changes in the control. Also present in the medium was 
MgCl. (3.3 X 10° M). It is noted that an S-shaped curve was obtained with 


0.243 0. D. unit 
a lag of about 4 min. and with a slope of rns for the straight line 


portion of the curve (between 4 and 11 mite). "When the enzyme preparation 
was boiled for 5 min. and then incubated with the casein under the same con- 
ditions, there was no reaction. The addition of boiled enzyme to the system 
deseribed above was neither inhibitory nor stimulatory. When the substrate- 
to-enzyme ratio was varied over an eightfold range by varying the enzyme 
concentration, the series of plots illustrated in Figure 2 was obtained. As the 
8-casein to snake venom ratio increased, the lag period increased, and the slope 
of the straight-line portion of the curve decreased, as did the pH shift. Also 
shown in Figure 2 is the plot obtained when the temperature of the reaction 
was reduced to 25° C. with a substrate-to-enzyme ratio of 100:1. The lag 
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Fie. 1. Incubation of §-casein with snake venom at 38° C. in the presence of 3.3 X 10% 
M MgCl: at an initial pH of 9.5. 


period was greatly extended, and the slope was reduced by approximately 
one-half. 

It was found that when calcium ions replaced magnesium, the reaction 
proceeded at the same rate as in the presence of magnesium. However, the 
omission of divalent metal ions resulted in an increase in the lag and decrease 
in the slope, as seen in Figure 3. The addition of boiled enzyme to the system 
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Fig. 2. Incubation of 8-casein with snake venom at 38° C.—varying substrate to enzyme 


concentration in the presence of 3.3 X 10° M MgCle at an initial pH of 9.5. oo) slope 
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Fig. 3. Effect of magnesium and versene on the reaction of f-casein and snake venom 


at 38° C, and initial pH 9.5. Substrate-to-enzyme ratio = (1) + 3.3 X 10° M MgCl slope = 


62 SR. ApH = —1.1 (2) 3.3 X 10° M MgCle + 3.3 X 10° M versene slope = 
minutes 
\ -D. uni 0.058 O.D. units 
minutes minutes 
—MgCl. + 3.3 X 10° M versene slope = = -—0.10 (5) —MgCk +3.3 X 
minutes 


107 M versene slope = 0 ApH = 0. 
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containing no magnesium is without effect. Versene, on the other hand, in- 
hibited the reaction, and this inhibition could be overcome by the addition of 
magnesium ions, as is also seen in Figure 3. It was also found in this connection 
that the -casein had no major metal contamination, so that the activity in 
the absence of added divalent metals must be due to trace contaminants in the 
casein or enzyme preparation. 

When the initial pH of the reaction was varied between 6.2 and 9.9 in the 
unbuffered system, there was no change in the lag period (4-6 min.), but a 
decreasing shift in pH was observed with decreasing initial pH until pH 7.5, 
where no pH shift was observed. The value for the slope of the straight line 
portion of the curve did not vary appreciably over the pH range investigated. 
When the reaction was carried out in varying concentrations of veronal buffer 
at pH 9.5, it was noted that the reaction was inhibited, as can be seen in Figure 
4. Increasing concentration of NaCl also inhibited the system, but for reasons 
different from veronal, as will be shown below. It is also seen in Figure 4 that 
somewhat higher NaCl concentrations were required to achieve inhibitions 
comparable to those with veronal (see legend of Figure 4). 

Proteolytic studies. It is well known that snake venoms possess many en- 
zymic activities (18), ineluding proteolytic activities (4). The preparation 
from C. adamanteus was treated with diisopropylfluorophosphate (DFP), 
which is known to inhibit trypsin and chymotrypsin (4), in a manner previously 
deseribed (9), and allowed to react with B-casein. The casein was degraded as 
before without inhibition. When the reaction was followed by measuring the 
increase in ninhydrin-positive material, it was found that after 30 min., there 
were about four bonds hydrolyzed, even when the enzyme was treated with 
DFP. Table 1 gives the results of a series of experiments in which the reaction 
or snake venom with #-casein was followed by the ninhydrin method. It can 
be seen that about four bonds are hydrolyzed after 30 min., but hydrolysis can 
be detected very early, even before turbidity formation can be visually detected. 
It would appear that the effect of a reduction in temperature is primarily to 
increase the lag period, since proteolysis was not influenced greatly. In this 
connection Berridge (2) has shown that the temperature coefficient for aggre- 
gation of para-casein with calcium ions is much greater than the temperature 
coefficient for the rennin-catalyzed proteolysis of casein. This finding was 
confirmed by Claesson and Nitschmann (3) and extended to other casein sys- 
tems by Zittle and Pepper (20). The absence of magnesium ions from the 
medium reduced the over-all hydrolysis, and when versene was added, the 
proteolytic activity was abolished. This was true even with 3.3 x 10° M 
versene, which did not prevent the appearance of a slight turbidity [see Figure 
3, Plot (4)]. It is interesting to note that high concentrations of veronal 
buffer inhibit proteolysis as well as turbidity formation, whereas the highest 
NaCl concentrations used inhibited proteolysis by about 25%. These salt con- 
centrations did inhibit the turbidity development, especially at 6.6 < 10° M 
NaCl [See Figure 4, Plot (7, 8)]. It can be speculated that veronal, at high 
concentrations, inhibits the proteolytic enzyme, whereas NaCl merely inhibits 
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Fig. 4. Effect of varying veronal and NaCl on the reaction of 8-casein and snake venom 


at 38° C. and initial pH = 9.5. Substrate-to-enzyme ratio =. (1) 3.3 x 10° M veronal slope 


= ApH = -—0.2 (2) 8.2 X 10°? M veronal slope = ApH = 
minutes minutes 
0 (3) 1.6 X 10° M veronal slope = ee. ApH = 0 (4) 3.3 X 10° M veronal 
minutes 
slope = 0 ApH = 0. (5) 3.3 X 10° M NaCl slope = pwnd ApH = —0.9 (6) 
‘ minutes 
1.6 X 10 M NaCl slope = 2:1890-D. units oH = -0.60 (7) 3.3 X 107 M NaCl slope = 
minutes 
0.088 O.D. units 


- , ApH = —0.7 (8) 6.6 X 10° M NaCl slope = 0 ApH = 0. 
minutes 
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the formation of the precipitate. This remains to be investigated further. As 
further evidence that a proteolytic reaction has taken place, the precipitate was 
collected by centrifugation, and crudely fractionated into at least three frae- 
tions. This was accomplished as follows: The precipitate was dissolved with 
0.1 NV NaOH and immediately dialyzed against water at 4° C. for 48 hr., with 
one change of the dialysis medium. This procedure resulted in a precipitate 
which was removed by centrifugation in the cold (ca. 10% of original N). 
The supernatant was allowed to stand at 37° C. under toluene, which resulted 
in the appearance of a second precipitate which was again separated by cen- 
trifugation, this time at room temperature (ca. 2.5% of original NV). The third 
fraction was obtained by lyophilization of the supernatant solution (ca. 10- 
15% of original NV). It was also found that patterns obtained by moving 
boundary electrophoresis of the original precipitate indicated a minimum of 
three fractions. 

Distribution of nitrogen and phosphorus. Snake venom was allowed to react 
with 8-casein for 30 min., and the precipitate was removed by centrifugation. 
It was then found that the supernatant contained 70-80% of the original nitro- 
gen of the medium, whereas it contained essentially 100% of the phosphorus. 
No inorganic phosphorus was formed during the course of the reaction. All 
the phosphorus of the original 8-casein fraction remained organically bound 
in the soluble fraction. It was also found that upon paper electrophoresis 
(veronal buffer pH 8.5 » = 0.05, 100 V, 15.5 hr.), a component of the super- 
natant migrated to the positive pole with a greater mobility than #-casein, 
indicating a greater number of negative charges. Under the some conditions, 
the precipitated material moved toward the negative electrode. 


DISCUSSION 


The action of various proteolytic enzymes on casein has been extensively 
studied by Mattenheimer and Nitschmann (11). These workers observed that 
where casein became clottable by calcium ions, the reaction velocity curves 
showed two phases, a primary reaction yielding about 2% nonprotein-nitrogen 
(NPN), very rapidly followed by a general proteolytic breakdown, giving 
straight curves up to much higher NPN values. The clotting point was always 
near the end point of the primary reaction. However, when a-casein and 
8-easein were compared, it was found that rennin (13) and pepsin (19) act on 
a-casein in the specific manner described above, whereas these enzymes hydro- 
lyzed B-casein in a nonspecific manner (straight NPN/time curve). The present 
study would seem to indicate that the reaction of snake venom on #-casein is 
generally akin to the action of rennin and pepsin on a-casein. There is a rapid 
proteolysis before turbidity can be detected, which is then accompanied by a 
further increase in proteolysis. The Carlsberg group have advanced a rational 
two-step theory to explain the clotting of milk by rennin (8). This theory 
states that the clot is due to precipitation of calcium paracasein after rennin- 
eatalyzed proteolysis of the original casein. In addition, the S-shaped curves 
obtained are similar to that obtained for the action of rennin on skimmilk (3). 


The 
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present reaction is similar in some respects to the action of trypsin on 


B-casein (15). In the latter case, on short-time incubations, a phosphorus-free 
fraction was obtained which consisted of 25% of the total nitrogen. Such a 
fraction was obtained in the present study, under somewhat different condi- 
tions, e.g., pH. In addition, the snake venom also showed a definite metal re- 
quirement and was inhibited by versene, whereas trypsin is not inhibited by 
this reagent (4). 
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CHANGES IN pH OF MILK DURING FREEZING AND 
FROZEN STORAGE? 


L. VAN DEN BERG 
Division of Applied Biology, National Research Council, Ottawa, Canada 


SUMMARY 


Measurement of pH during freezing and frozen storage of pasteurized and raw 
milk and of raw milk with added calcium, phosphate, and citrate showed that marked 
pH changes occurred in frozen milk. During slow freezing, the pH of milk decreased 
to values as low as 5.8, whereas little change in pH oceurred during fast freezing. 
During storage at —7° C. as well as at —12° C. the pH decreased to a minimum dur- 
ing the first 2 to 3 wk. of storage, and increased gradually thereafter. The pH mini- 
mum of pasteurized milk and raw milk with added salt (5.8-6.0) was generally lower 
than that of raw milk (6.1-6.2). The increase in pH after the pH minimum was 
reached was more gradual in pasteurized milk and raw milk with added chemicals than 
in raw milk. Although the amount of precipitated protein was measured simultane- 
ously with pH, the data did not indicate a definite relation between pH changes and 
protein precipitation. 


Changes in the pH of millk during freezing and frozen storage have been 
suggested as a causative factor in protein destabilization in frozen milk (4, 5). 
Information on such pH changes, however, is limited, presumably because of 
the difficulties involved in measuring pH at temperatures below freezing. It 
would appear that the only pertinent work is that of Tessier and Rose (5) 
who showed that significant changes in pH do oceur. Using the technique of 
centrifugation to separate ice and liquid, they measured pH values as low as 
5.8 at —7° C. Recently developed electrodes which will allow pH measurements 
at below-freezing temperatures without separating liquid and ice phases (9) 
offered a new approach to the problem. This paper presents the results of a 
study of pH changes in milk during freezing and subsequent storage using 
these electrodes. 

EXPERIMENTAL PROCEDURE 


Milk obtained from morning milkings at the Central Experimental Farm, 
Ottawa, was separated, pasteurized (when required) at 65°C. for 30 min., 
cooled to about 2° C., and then frozen immediately in metal cans, using seeding 
with ice to reduce supercooling. 

Samples in which the pH was measured during freezing were frozen by 
cooling in agitated brine from —1° C. initial temperature at rates of 1° C/hour . 
or more (fast), 0.25° C/hour (moderately slow), and 0.1° C/hour or less (slow 
freezing). Several samples of the same milk were frozen simultaneously and 
samples were removed at each desired temperature and analyzed. Most freez- 
ing tests were made with raw milk, but pasteurized milk and milk ultrafiltrates 
also. were used. 
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Most storage tests were made at —12° C. (+10° F.), but a few were made 
at —7° C. (+20° F.). Four-hundred-milliliter samples in 1-pt. tin cans were 
frozen in less than 12 hr. (fast freezing) in air at the storage temperature. 
Raw milk, pasteurized milk, and raw milk to which potassium citrate (10 mM), 
potassium phosphate (5 mM mono-, 5 mM di-), or caleium chloride (10 mM) 
was added, was used in these tests. Representative portions for measurement 
of pH and amount of precipitated protein were removed at intervals by uni- 
formly seraping over the surface of the samples; the first scrapings were 
always discarded because of possible surface desiccation. 

The method of pH measurement has been discussed in detail previously (9). 
In brief, a saturated calomel electrode, modified by adding glycerol to the 
saturated KCl solution [final concentration 50% (wt. KCl-free basis)] to 
prevent solidification of the solution below —10.7° C., and a mercury-filled 
glass electrode with a pH-sensitive glass membrane area of about 5 cm.”, were 
used and the potential measured with a Beckman Model G pH meter. The 
seraped and finely crushed frozen material was packed around the electrodes. 
The electrodes were standardized at the sample temperature in a solution 
containing 0.16 M potassium phosphate in a 50% glycerol-50% water mixture 
(wt/wt) and having a pH of 7.0 + 0.05 between —30 and +40° C. (9). Meas- 
urements in different locations of a given sample were reproducible within 
+ 0.1 pH unit. 

The amount of protein precipitated was determined by centrifuging 15 
or 50 ml. of milk (thawed at 4° C. overnight) for 10 min. at about 700 X g at 
the tip (3). The amount of precipitate was expressed on a per cent by volume 
basis. 


RESULTS 


Marked decreases in pH to values as low as 5.8 generally occurred during 
slow freezing, whereas the effect of fast freezing on pH was small in all tests 
(Figure 1). During slow freezing the pH tended to increase again after the 
pH minimum was reached at about —10° C. Comparable results were obtained 
for raw milk, pasteurized milk, and milk ultrafiltrate. The pH of different 
samples frozen under the same conditions varied by up to 0.3 pH unit. 

Changes in pH during storage were similar in most instances, regardless 
of treatment (Figures 2-4). The pH decreased markedly at the beginning 
of the storage period to values 0.5 to 1.0 unit below the prefreezing pH and 
increased gradually thereafter. No significant differences were noted between 
raw milk samples stored at —12 and at —7° C. (Figures 2 and 4). The vari- 
ability in pH between different samples of the same milk and of different milks 
was relatively small in pasteurized milk and raw milk with added chemicals 
(within‘ + 0.15 pH unit), but larger in raw milk. This larger variability is 
mainly due to differences in the minimum pH value and the time of its 
oceurrence. 

There was no significant difference between the effects of pasteurization 
and added chemicals (Figures 2 and 3). In addition to improving the repro- 
ducibility, compared with raw milk, addition of chemicals and to a smaller 
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extent pasteurization tended to decrease the pH minimum and to make the 
subsequent increase more gradual. 

The beginning of protein precipitation did not always coincide with the 
pH minimum (Figures 2-4). Precipitation of protein started earlier in raw 
milk with added calcium chloride or potassium phosphate than in raw milk 
without additives. Both pasteurization and addition of citrate retarded pro- 
tein precipitation significantly (Figures 2 and 3). 


DISCUSSION 


Precipitation of salts from the supersaturated liquid phase of frozen milk 
is considered to be the main cause of pH changes during freezing and frozen 
storage (5, 8, 10). The decrease in pH is presumably due to precipitation 
of calcium phosphate and to a lesser extent of disodium phosphate and prob- 
ably sodium carbonate (5, 10); whereas, the increase in pH may be caused 
by precipitation of such salts as monopotassium phosphate, monosodium and 
potassium citrate. Dissolution of part of the salts precipitated during the 
initial pH decrease (e.g., calcium phosphate) also may contribute to an increase 
in pH. The storage temperature would not be expected to affect markedly the 
types of salts precipitating, because most of the precipitating salts have 
eutectic points above —7° C. The relative amounts of precipitated salts, how- 
ever, were presumably affected by storage temperature, and also by addition 
of salts, but this was not apparent in the pH changes measured. 

The slowness of pH changes in milk indicates the rate-at which salts pre- 
cipitated in frozen milk. These rates are similar to those reported for lactose 
erystallization in milk (6, 7) and ice formation in high viscosity systems (1, 2). 
Insufficient crystallization nuclei and slow diffusion of the supersaturated 
eompounds through the frozen mass are the main factors responsible for the 
slow and varying precipitation rates and presumably also cause a large vari- 
ability in results between samples. 

The results of this study do not indicate any relation between pH and 
protein precipitation. This may be due to tke complex nature of the changes 
in composition associated with pH changes. Further information on changes 
in composition of the unfrozen phase in frozen milk during storage will be 
needed to understand the factors affecting protein precipitation. 
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THERMAL INACTIVATION STUDIES ON PATHOGENIC BACTERIA 
IN MILK AND VARIOUS MILK PRODUCTS. I. CORYNEBACTERIUM 
DIPHTHERIAE ATCC NO. 296? 


DONALD R. DAOUST, R. B. READ, JR., AnD WARREN LITSKY 
Department of Bacteriology and Public Health, University of Massachusetts, Amherst 


SUMMARY 


Corynebacterium diphtheriae No. 296 was shown to have mean D values of 6.65, 1.68, 
0.00547, 0.00314, 0.00140, and 0.00084 min. in milk at temperatures of 120, 125, 154, 156, 
158, and 160° F., respectively. The mean D values for the organism in ‘chocolate milk 
were 5.60, 1.18, 0.00758, 0.00556, 0.00407, and 0.00230 min. at respective temperatures of 
120, 125, 148, 150, 152, and 154° F. Mean D values of 5.06, 0.72, 0.00309, 0.00238, and 
0.00175 min. were "found in cream for respective temperatures of 120, 125, 136, 138, and 
140° F. In ice cream mix the organism was found to have mean D values of 15.0, 6.0, 
0.00083, 0.00038, 0.00037, and 0.00027 min. for temperatures of 120, 125, 162, 164, 166, 
and 168° F., respectively. 

According to the theory of logarithmic destruction of bacteria by heat, sterilization 
can not be achieved in a sample of infinite size. Therefore, for purposes of calculation, 
one must set arbitrary limits in order to determine a given process value. If one accepts 
a 10 D value process as being adequate for proper pasteurization, a holding time of 0.01 
min. (0.6 see.) at 160.5° F. will reduce the concentration of viable cells of C. diphtheriae 
No. 296 to the arbitrarily chosen lower limit of acceptability in milk and ice cream mix, 
which were found to provide more protection to the test organism than did chocolate milk 
and cream containing 40% fat. 


Although a great deal of research has been done in the past to formulate 
the time-temperature relationships for pasteurization, the majority of the 
data available for Corynebacterium diphtheriae are such that it is difficult, at 
best, to apply them to conventional process calculations. Many of these studies 
on the thermal destruction of C. diphtheriae failed to report such pertinent 
variables as age and concentration of the culture, the growth medium, incuba- 
tion temperature, sampling methods, and sample heating and cooling times. 
In addition, the authors agree with Ball (1), who stated that results such as 
those obtained under the above-mentioned conditions are of limited value in 
establishing thermal death curves. 

The studies herein represent an attempt to determine the D! values for 
C. diphtheriae No. 296 when it was suspended in milk, chocolate milk, cream, 
or ice cream mix while being subjected to definite temperatures for specific 
exposure times. Accurate controls were kept on the age, incubation temperature, 
and inoculum concentration of the culture, as well as temperature of exposure, 
sampling and cooling times, and composition of the suspending fluids. It was 


Received for publication June 25, 1960. 


* Contribution No. 1245 from the Massachusetts Agricultural Experiment Station. This 
investigation was supported in part by Research Grant E-1173 from the National Institute of 
Allergy and Infectious Diseases, Public Health Service. 

*D value—the slope of the destruction rate curve or the time required to reduce a given 
bacterial population by 90% at a given temperature. 


32 


: 
| 


INACTIVATION OF PATHOGENIC BACTERIA 33 
anticipated that the application of such controls would help eliminate the 
various anomalies presently existing in the literature. 


REVIEW OF THE LITERATURE 


Perhaps the earliest work concerning the thermal inactivation of C. diph- 
theriae was that reported by Brieger and Fraenkel (2), who in 1890 indicated 
that this organism was destroyed at 131° F. with a 45-min. heating and holding 
time. These results were confirmed 2 yr. later by Welch and Abbott (13). 
Loeffler (4) reported that C. diphtheriae was destroyed at 140° F. in 30 min. 
and Rosenau (9) stated that this organism was killed in milk heated to 131° F. 
and held at that temperature for 2 min. Using a commercial vat pasteurizer, 
Schorer and Rosenau (10) reported that C. diphtheriae was destroyed in milk 
when this liquid was heated to 140° F. and held for 2 min. The initial concen- 
tration of the test organism was not specified. Irwin (3) processed suspensions 
of C. diphtheriae in milk with the Electropure short-time pasteurizer and re- 
ported that a temperature of 140° F. destroyed this organism with holding 
times as short as 8 sec. 

In 1956, Read, Boyd, Litsky, and Hankinson (6) reported the development 
of a small-bore, tubular heat exchanger in which milk or other fluids are 
heated by electrical resistance across the walls of the tube. Read et al. (7, 8) 
sterilized suspensions of C. diphtheriae in autoclaved milk (1 X 10® cells per 
milliliter), using mean temperatures of 161.4 and 157.4° F., with respective 
heating times of 0.25 and 0.50 see. Using water bath immersion techniques, 
Oldenbuseh, Frobisher, and Shrader (5) showed that the organism did not 
survive 145-150° F. for a 0.5-min. holding time when ice cream mix was used 
as the vehicle. 

No data are known concerning the thermal resistance of this organism in 
chocolate milk or cream. 


EXPERIMENTAL PROCEDURE 


In order to construct adequate thermal death time curves it was decided 
to carry out these studies both at low temperatures with relatively long holding 
times and at high temperatures with short exposure times. 

For the low temperature studies (120 and 125° F.) 396 ml. of test fluid 
was placed in a 500-ml. three-necked distilling flask. A standardized thermom- 
eter was placed into one of the necks. The other neck was used to introduce 
the bacterial suspension and to extract samples. The center port was used to 
seat a motor-driven stirring apparatus which agitated the suspension so as to 
provide a homogeneous suspension together with an even heat distribution in 
the flask. The flask was immersed in a water bath to a point where the water 
level in the bath was approximately 0.5 in. above that of the test fluid in the 
flask. Temperature was regulated by an electronic bath control unit and a 
microset mercury thermoregulator with an accuracy of + 0.02° F. The water 
in the bath was agitated by continuous circulation to provide even temperature 
distribution. This apparatus is shown in Figure 1, 


34 DONALD R. DAOUST, R. B. READ, JR., AND WARREN LITSKY 


Fie. 1. Water bath used for D value determinations with relatively low heat exposure 
temperatures. 


The culture of C. diphtheriae ATCC No. 296 (Park 8 strain) was used in 
a previous study done in this laboratory (8). The culture was maintained by 
daily transfer on slants of brain heart infusion agar (BHI), and incubated at 
98.6° F. for 22-26 hr. The inoculum was harvested from the slants with sterile 
distilled water, filtered through sterile Reeve-Angel No. 235 filter paper to 
remove large clumps of cells, and standardized at 1 X 10* cells per milliliter 
with a nephelometer. 

The suspending fluid (milk, chocolate milk, cream, or ice cream mix) was 
placed in the holding flask and brought to the desired temperature. Four 
milliliters of the standardized bacterial suspension was then added to the 
liquid in the flask. The addition of the 4.0 ml. of the bacterial inoculum was 
found to cause a temperature reduction of 0.5° F. To compensate for this, the 
suspending fluid in the flask was heated to 0.5° F. higher than that finally 
desired, so that the exact holding temperature would be obtained upon inocula- 
tion at zero time. The water bath temperature was also simultaneously lowered 
0.5° F. by adding a predetermined amount of ice water and resetting the 
thermoregulator. 

An automatic bulb pipette calibrated to remove 1.0 ml. was used to sample 
the bacterial suspensions of the heated test fluid. These aliquots were quickly 
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dispensed (3 to 5 see.) into dilution blanks containing given amounts of sterile 
distilled water. Since the temperature rise upon the addition of the heated 
fluid never exceeded 3° F., cooling time in the dilution blanks was considered 
insignificant. 

Bacterial concentrations after heating were determined by using pour plate 
methods with BHI agar as a recovery medium. Samples were plated within 
10 min. after collection and ineubated for 48 hr. at 98.6° F. prior to counting. 
Since the vehicles used in these studies were not sterile prior to inoculation, 
final counts were determined by counting only those colonies which were typical 
of the test organism. 

The destruction rate curves were constructed by plotting the bacterial sur- 
vivors on the logarithmic seale (ordinate) against the respective exposure 
time on the linear seale (abscissa) on semilogarithmic graph paper. A line 
of visual best fit was drawn which best satisfied the resulting points and the 
D value was taken as the slope of this line. The thermal death time curves 
for this organism were determined by plotting the mean D values obtained for 
each of the process temperatures used for a given test fluid on the logarithmic 
scale against the respective temperature on the linear scale of semilogarithmic 
graph paper. 

Studies involving high temperatures were carried out in a tubular heat 
exchanger (Figure 2). The instrument is composed of a 5-gal. tank made of 
stainless steel, and a small-bore stainless steel tube made up of a preheating 
and a heating section. Heat is derived by heat exchange from the tube, which 
is heated by high amperage, low voltage alternating current. The fluid being 
tested is foreed from the tank through the small-bore tube by air pressure at 
a rate so as to insure turbulent flow and, therefore, even heat distribution in 
the system. A more detailed description of the instrument has been reported by 
Read et al. (6). 

In these studies, heating was accomplished by two sections of the tube. The 
first, designated as the preheating section, was used to raise the temperature 
of the test fluid from approximately 100° F. to a constant 120° F. The second, 
or the heating section, was used to raise the temperature of the fluid from 120° 
F. to the final heating temperature desired for the process. 

The heating time was maintained at 0.25 sec., that is, it took exactly 0.25 
see. for the fluid to reach the desired temperature in passing through the heating 
section of the tube. A calculated holding time of 0.0113 sec., which was inherent 
in the process, was the time required for the test fluid to reach the surface of 
the collection diluent from the point of final heating. 

The method used to prepare the bacterial inoculum was similar to that de- 
scribed for low-temperature investigations. Five gallons of the suspending 
fluid was placed in the holding tank of the instrument and mixed with 190 ml. 
of the prepared bacterial suspension. The mixture was stirred manually with 
a large stirring rod to insure homogeneity. 

Unheated samples were collected at the beginning, midway, and at the end 
of an experimental run. The bacterial counts of these samples did not vary 
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Fig. 2. Tubular heat exchanger used for D value determination with relatively high 
exposure temperatures. (1) product reservoir, (2) ultraviolet hood and exhaust, (3) air 
pressure regulators, (4) preheating tube, (5) heating tube, (6) temperature recorder—pre- 
heating section, (7) temperature indicator—heating section, (8) sample collection hood, 
(9) variable voltage transformer—preheating section, (10) variable voltage transformer— 
heating section, and (11) one of two constant voltage transformers. 


significantly. Samples processed in the heat exchanger were cooled by collec- 
tion in pre-cooled, sterile distilled water. Since thermocouple measurements 
showed that temper?’ ~es in the collecting flasks during and immediately after 
collection never er ued 100° F., cooling times were considered insignificant. 
Plating and plate count methods were identical to those described for the low- 
temperature studies. 


Because the high-temperature studies involved processing with a set heating 
time to varying final temperatures, the D value could not be determined graph- 
ically as previously described. D values in this phase of the studies were deter- 
mined mathematically, using the method of Stumbo, Murphy, and Cochran (11). 
The formula used is as follows: 

n= 
log a — log b 


Where U is the holding time at a given temperature n; a is the initial bae- 
terial concentration; aud b is the concentration of bacterial survivors after 
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exposure to temperature » for U time. Since the heat exchange apparatus 
based its effectiveness on the heating time to a given temperature, the total 
holding time (U) was consequently unknown and had to be determined by the 
conversion of heating time to holding time. It was necessary to calculate an 
individual holding time for each of the temperatures investigated with each 
of the menstrua. This was done by plotting a thermal death time curve from 
the results of the low-temperature investigations of the organism in the sus- 
pending fluid being studied. This curve was extrapolated in order to provide 
the theoretical D values of the organism at temperatures as high as the maxi- 
mum process temperature employed. Lethal rates (1/D) of the organism were 
caleulated from D values related to temperatures lying between the preheating 
and final heating temperatures. These temperatures were then related graph- 
ically to selected heating times ranging from 0.0 sec. for an initial heating 
temperature of 120° F., to 0.25 see. for the final heating temperature. The 
heating time for intermediate temperatures was caleulated by interpolation. 
This could be done since the heating characteristics in the heating tube were 
found to be linear. 

The lethal rates corresponding to given heating temperatures were corre- 
lated to the heating times at which the particular temperatures were obtained. 

A lethality plot, with arbitrary holding time, was then drawn which corre- 
sponded to the final heating temperature. The area under both the heating 
curve and the standard holding time curve was determined with a compensating 
polar planimeter. By establishing a ratio of total area to holding time between 
the two curves, the equivalent holding time (U) was calculated for the original 
heating time curve. This was performed for each final heating temperature 
and suspending fluid studied. 

The suspending fluids studied were prepared as follows: (a) Raw milk was 
obtained from a bulk cooling tank at the University of Massachusetts Dairy. 
The D values for C. diphtheriae No. 296 in raw milk are given jn Table 1. 


TABLE 1 

D values for Corynebacterium diphtheriae No. 296 in raw milk 
Temperature No. of Mean D Range 
(PR) trials (min.) (min.) 
120 + 6.65 6.0-7.0 
125 5 1.68 1.2-2.1 

154 5 0.00547 0.00436-0.00751 

156 6 0.00314 0.00192-0.00608 

158 6 0.00140 0.00081-0.00222 

160 6 0.00084 0.00065-0.00131 


(b) Chocolate milk was prepared by heating 396 ml. of raw milk to 100° F. 
and mixing it with 24.0 g. of granulated sugar and 4.8 g. powdered cocoa (Van 
Houten’s Suma Dutch Process). The chocolate milk used in the high-tempera- 
ture studies was prepared in larger quantities using the same formula. The 
D vaiues for the organism in chocolate milk are shown in Table 2. (ce) The 
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TABLE 2 

D values for Corynebacterium diphtheriae No. 296 in chocolate milk 
Temperature No. of Mean D Range 
trials (min.) (min.) 
120 6 5.60 5.0-6.6 
125 4 1.18 1.1-1.3 

148 12 0.00758 0.00298-0.01512 

150 12 0.00556 0.00313-0.01510 

152 12 0.00407 0.00262-0.00654 

154 8 0.00230 0.00058-0.00437 


cream used was obtained by separating milk to a fat content of 40% by the 
Babeock test. Table 3 provides the D values for C. diphtheriae No. 296 in 
this product. 


TABLE 3 
D values for Corynebacterium diphtheriae No. 296 in raw cream 
Temperature No. of Mean D Range 
("'F.) trials (min.) (min.) 
120 5 5.06 4.6-5.8 
125 6 0.72 0.55-0.95 
136 8 0.00309 0.00254-0.00345 
138 8 0.00238 0.00194-0.00288 
140 8 0.00175 0.00156-0.00194 


(d) Iee cream mix was prepared as follows (based on 100 ml. of the product) - 


Skimmilk................... 


In preparing this product for high-temperature heat exchange studies the in- 
gredients were mixed while being heated to 100° F. Normally, much higher 
temperatures are used, but this was avoided so as to prevent overheating the 
product. Since the ice cream mix was not thoroughly heated during formula- 
tion, the emulsifier was not completely dissolved. Because the nature of the 
small-bore heat exchanger is such that it is unable to tolerate large particles, 
the mix was filtered through two double layers of cheese cloth prior to proc- 
essing. The D values for C. diphtheriae No. 296 in ice cream mix are given 
in Table 4. 


TABLE 4 
D values for Corynebacterium diphtheriae No. 296 in ice cream mix 
Temperature No. of Mean D Range 
trials (min.) (min.) 
120 5 15.0 12.3-17.6 
125 6 6.0 3.9- 7.1 
162 8 0.00083 0.00066-0.00114 
164 8 0.00038 0.00032-0.00048 
166 8 0.00037 0.00031-0.00041 
168 8 0.00027 0.00026-0.00030 
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DISCUSSION 

It appears that the four suspending fluids offer varying amounts of pro- 
tection to C. diphtheriae No. 296, wherein the organism shows the greatest 
amount of resistance in ice cream mix. Milk, chocolate milk, and cream offer 
decreasing amounts of protection in that order. If one uses these data to 
construct thermal death time (TDT) curves it is seen that the destruction rate 
is similar in ice cream mix, milk, and chocolate milk. When cream is used as 
a suspending fluid, the slope of the TDT curve indicates that this vehicle offers 
much less protection to this organism than do the other test fluids studied at 
temperatures of 136° F. and above. 

The destruction rate curves for this organism when processed in each of 
the products at the lower temperatures studied (120 and 125° F.) were charac- 
terized by a slight lag in lethality in the initial phases of each determination. 
Thereafter, the death of this organism is found to follow very closely the 
logarithmic order. In all cases, the initial lag was ignored when a line of best 
fit was used to obtain the D value. 

Since the dairy industry, in the pasteurization of milk, is primarily con- 
cerned with process values rather than D values, it is of interest to attempt to 
express these results in terms of the former. If one accepts the theory that 
bacteria follow a logarithmic order of death when exposed to lethal heat, it 
follows that one can not completely eliminate a given population of a given 
bacterium in a sample of infinite size. Beeause of this, one must establish 
arbitrary standards for the pasteurization of milk products. It is felt that with 
our present production practices it would be highly improbable that one would 
receive raw milk, which is otherwise satisfactory, with a population exceeding 
1,000 cells per milliliter of C. diphtheriae. 

To convert D values to process values, one must establish maximum limits 
of acceptability for pasteurization. It would seem that establishing this limit at 
one viable cell of C. diphtheriae per 10° ml. of milk would not be unreasonable. 
With these criteria in mind the process value is equivalent to 10 D values. The 
temperatures required for obtaining a total process equivalent to 10 D values 
with C. diphtheriae No. 296 for five selected holding times with the four ve- 
hicles studied are shown in Table 5. It is seen that with a 0.01 min. (0.6 sec.) 
holding time a holding temperature of 161.5° F. is adequate for a satisfactory 
process with C. diphtheriae No. 296 if the 10 D criterion is accepted. 


TABLE 5 


Temperature required to reduce Corynebacterium diphtheriae No. 296 through 10 D values 
for five selected holding times 


Holding time 
(min.) 5.0 1.0 0.25 0.1 0.01 
(° F.) 
Milk 131.6 139.2 146.0 150.0 160.5 
Chocolate milk 130.3 137.5 143.5 147.8 153.0 
Cream 125.5 129.2 132.4 134.7 140.1" 
Tee cream mix 135.0 141.7 147.6 151.5 161.3 


* Extrapolated value. 
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These data also show that C. diphtheriae No. 296 can be eliminated from 
milk by using a holding time considerably less than that applied in the HTST 
method of commercial pasteurization. 
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A MANUFACTURING METHOD FOR IMPROVING THE PHYSICAL 
CHARACTERISTICS OF WINTER BUTTER? 


EDMUND A. ZOTTOLA,’ G. H. WILSTER,‘ anp R. W. STEIN 
Department of Food and Dairy Technology, Oregon State College, Corvallis 


SUMMARY 


Two methods of manufacturing butter were studied. One, the control procedure, con- 
sisted of cooling the cream after pasteurization to 46° F. The cream was held at that 
temperature overnight (15 hr.) and churned the next morning. The other method, the 
cream-temperature treatment or experimental method, consisted of cooling the cream 
after pasteurization to 46° F. and holding it at that temperature for 2 hr. Then it was 
heated slowly to 66° F. (heating time 1 hr.) with water in the jacket of the vat at 79° F. 
This temperature was maintained for 6 hr. The cream was then cooled to 61° F., held 
overnight (15 hr.), and churned the next morning. 

Examination of the butter made by the two methods, when at a temperature of 48° 
F., showed that the cream-temperature treatment resulted in butter that was relatively soft 
and waxy and possessed smooth spreading properties. The butter made by the control 
procedure was generally hard, crumbly, and sticky and had poor spreading properties. 
Chilled wash water (40° F. or lower) and low-temperature storage (below 0° F.) were 
also found to be beneficial in the attainment and maintenance of desirable body characteris- 
ties in butter. 


The manufacture of butter with desirable physical characteristics has long 
been a problem of the butter industry. Butter graders and distributors through- 
out the country report that much of the butter made possesses undesirable 


physical properties. These undesirable characteristics vary with the section 
of the country and the season of the year in which the butter is produced. 

Previous investigators (1, 3, 7, 10) have indicated that changes in the 
composition of the milk fat are responsible for the majority of the variations 
in the physical characteristics of commercially manufactured butter. Dolby (3) 
has estimated that 80% of the variation is due to changes in the composition of 
the milk fat. The remaining variation can be attributed to the method of 
manufacture. Changes in the composition of the milk fat are due to the 
varying types of feed fed to dairy cows during the different seasons of the year. 
Since these can not be changed materially because of economic reasons, it 
appears that the immediate and practical solution to the problem lies in a 
modification of the manufacturing practices. 

Modified manufacturing methods have been recommended by previous in- 
vestigators which in part eliminate some of the undesirable physical character- 
istics, but de not as a whole markedly improve the spreading property. Richard- 
son and Abbott (7) recommended a prechurning heat treatment to overcome 
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defects caused by the feeding of alfalfa hay. Coulter and Combs (1) suggested 
that to overcome the body and texture defects of winter-made butter, excessive 
cooling of the eream after pasteurization should be avoided. The use of cream 
storage temperatures above 50° F. has been recommended by some investigators 
(3, 6, 9) to help eliminate the undesirable physical properties of winter-made 
butter. Several investigators (1, 2, 6, 8, 9, 11) have suggested the use of cold 
wash water (below 45°) for washing and tempering the butter granules before 
working as a means of reducing the hardness of butter made during the winter 
months. 

Research workers in Denmark for a number of years have studied butter 
manufacturing methods during summer and winter for the purpose of develop- 
ing butter with uniform physical characteristics throughout the year (4, 5). 
They have, on the basis of their work, recommended manufacturing methods for 
the production of winter and summer-made butter with uniform physical 
characteristics. 

The purpose of this investigation was to try to eliminate undesirable physical 
characteristics of winter-made butter when manufactured under Oregon condi- 
tions. One of the Danish methods for the manufacture of butter during the 
winter months was modified for this study. 


EXPERIMENTAL PROCEDURES 


Methods used. Cream used in this study was obtained from milk produced 
during the fall, winter, and early spring months in the Willamette Valley. 
Iodine values of the cream ranged from a low of 29.65 in March to a high of 
41.40 in April. Melting point values ranged from a high of 95° F. in January 
to a low of 89.9° F. in April. Nine churnings were made from farm-separated 
cream and 63 were made from plant-separated cream. Duplication of commer- 
cial practices was attempted in all cases. Cream was generally received and 
churned once each week. Usually, only one method of manufacture was used each 
week. On four occasions split churnings were made. Two vat pasteurizers, one 
2,500-lb. capacity, the other 850-lb. capacity, were used to pasteurize and tem- 
perature-treat the cream. Both were equipped with manual temperature controls 
for the treatment involved in the temperature-treating procedure. A 1,000-lb.- 
capacity wooden roll-less churn and a 400-lb.-capacity wooden roll-less churn 
were used to churn the cream. Cold storage rooms maintained at —10, 0, 40, and 
48° F. were used for storing and tempering the butter before examination. 

Cream to be churned was pasteurized at 155-160° F. and held at this tem- 
perature for 30 min. Cream for the control churnings was cooled immediately 
to 46° F. (cooling time usually 2 hr.), held at that temperature overnight, and 
churned the next morning. Cream for the experimental churning was cooled 
to 46° F. after pasteurization (cooling time usually 2 hr.) and held at that 
temperature 2 hr. Then it was heated slowly to 66° F. (heating time 1 hr.) with 
the water in the jacket of the vat at 79° F. This temperature was maintained 
for 6 hr. The cream was then cooled to 61° F. and held overnight. The next 
morning the cream was cooled to churning temperature and churned immediately. 
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Churning procedures were the same for both the control and experimental 
churnings. The cream was pumped into the churn, churned, the granules 
washed, and worked in the usual manner. The only variation used was wash 
water temperature. 

Sampling procedure. Two pounds of butter were removed from the churn 
upon completion of the working procedure. These were molded into 1-lb. prints 
in a wooden mold and wrapped in parchment paper. One pound was placed in 
each of two refrigerated rooms maintained at —10 and 40° F. The sample was 
stored for 2 wk. The remaining butter was placed in 68-lb. parchment-lined 
wire baskets and stored at 40° F. for 48 hr. before being printed with a screw- 
type printer. Two 1-lb. prints were obtained after printing and wrapped in 
parchment paper. They also were stored at —10 and 40° F., respectively, for 
2 wk. All the samples were tempered to 48° F. for 72 hr. before being examined 
for physical characteristics. 

Methods of examining physical characteristics. All experimental samples 
of butter obtained were examined for body, texture, hardness, and spreading 
property. A stainless steel table knife was used to cut and spread the butter 
on a wooden board. The spreading property was noted as poor, fair, good, or 
excellent. Any body and texture defects such as crumbliness and stickiness 
also were observed at this time. 

A hardness tester similar to the one used by the Danish investigators (4, 5) 
was designed and constructed by the National Appliance Company, Portland, 
Oregon. The tester consisted of a constant speed motor which forced a flat, 
round plunger with a surface area of 4 cm.* down into the butter at a rate of 
20 mm. per minute. A seale placed below the plunger measured the hardness 
in kilograms. Hardness was expressed in kilograms and was determined in a 
room maintained at 48° F. Duplicate determinations were run on all samples 
and the hardness was considered to be the average of the two. In the majority 
of the samples, the duplicates were identical. 


RESULTS AND DISCUSSION 


The cream in the experimental churning tended to churn faster, with a 
greater loss of fat than the cream in the control churning; therefore, it was 
necessary to use a churning temperature three to four degrees lower for the 
experimental churnings. This was demonstrated in the split churnings that 
were made. Cream from the same source was used; a portion was used with 
the control procedure and the remainder was temperature-treated. In each 
case, the temperature-treated cream churned in almost the same time but at 
a temperature three to four degrees lower. This is shown in Table 1. 

During the course of this investigation, 40 churnings were manufactured 
using the control procedure. Butter from these 40 churnings was criticized 
for excessive hardness, crumbliness, stickiness, and poor spreadability. The 
use of wash water below 45° F. did not appear to improve the physical charac- 
teristics of the butter made by this procedure. 
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TABLE 1 
Effect of the cream-temperature treatment on churning time and temperature 
Date Churning Churning 

Churnings manufactured temp. time 

(min.) 
Experimental 12-12-56 48 25 
Control 12-12-56 52 35 
Experimental 1-10-57 48 35 
Control 1-10-57 52 35 
Experimental 2-21-57 47 55 
Control 2-21-57 50 65 
Experimental 4-25-57 47 30 
Control 4-25-57 50° 35 


A total of 32 churnings of butter was made during this study, using the 
cream-temperature treatment. In general, the butter manufactured when the 
cream treatment was used possessed superior physical characteristics to butter 
made with the control procedure. Not a single experimental churning received 
a poor rating on spreading property. 

Hardness. Since there was not an.equal number of control and experimental 
churnings (40 control and 32 experimental), 18 control and 18 experimental 
churnings were randomly selected and a statistical analysis was made on their 
hardness values. Statistical comparisons were made on the effects of (a) control 
and experimental methods of manufacture and (b) printing the butter imme- 
diately after churning and printing with a screw-type printer after the butter 
had become firm. Results of the analyses are presented in Table 2. 

The analysis of variance of these data indicated that the cream-temperature 
treatment resulted in a softer-bodied butter than the control procedure. It also 
showed that printing with a screw-type printer after the butter had become firm 
lessened the hardness values of the butter. This is illustrated by the sampling 
time means given in Table 2. The mean hardness value for butter that was 
printed immediately upon completion of working was 2.81; whereas, the mean 


TABLE 2 
Analysis of variance of hardness values 
Sum of Mean 
Source variation d.f. squares square F 

Between treatments 1 -2813 .2813** 20.68 
Between sampling times 1 .0613 .0613** 7.96 
Interaction between treatments 

and sampling times 1 -0012 .0012 16 
Among churnings within 

treatments 34 
Interaction between sampling 

times and churnings within treatments 34 -2625 OTT Sis 


** Significant at a probability level of 0.01. 
Treatment means 
Experimental = 2.71 + .019 
Control = 2.83 + .019. 
Sampling time means 
After printing at completion of working = 2.81 + .015 
After printing with screw-type printer after 48 hr. of storage at 40° F.= 2.75 + .015. 
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hardness value for the butter that was printed with a screw-type printer after 
the butter had become firm (stored at 40° F. for 48 hr.) was 2.75. This differ- 
ence is significant at a 1% probability level. Since the interaction between 
treatments and sampling times was not significant, this indicated that the 
difference between experimental and control churnings is the same at both 
sampling times. 

Storage time and temperature. Butter was examined for physical charac- 
teristics throughout this investigation when at a temperature of 48° F. It was 
believed that 48° F. would be typical for household refrigerators and that butter 
examined at this temperature would represent consumer use conditions. There- 
fore, if butter had desirable spreading properties at 48° F., it would be ac- 
ceptable to the consumers. 

To determine the effect of storage temperature on the physical character- 
istics of the control and experimental butter, samples from both were stored 
at 40, 48, 60, and 70° F. for 14 days. The samples from the respective storage 
temperatures were examined at the end of seven and 14 days after being tempered 
at 48° F. The data are given in Table 3. 

No change was noticed in the physical properties and flavor of the experi- 
mental butter when stored at 40° F. for 14 days. During the first seven days of 
storage at 48° F., no apparent change took place in the body and texture of 
the butter, but after 14 days the butter became firmer and lost its desirable 
spreading property. Changes in the physical characteristics of the butter stored 
at 60 and 70° F. were very noticeable after seven days of storage. After 14 


TABLE 3 
Effect of storage temperature on the physical characteristics 


Experimental butter 


Sto Into storage 7 days 14 days 
r- 
age Physical Physical Physical 
°F. Flavor charae- Flavor charac- Flavor charae- 
temp. score teristics score teristics score teristics 
42 93 Excellent 93 Excellent 92 Excellent 
48 93 Excellent 93 Excellent 92 Good 
60 93 Excellent 91 Sticky 91 Hard, brittle 
70 93 Excellent 89 Hard, brittle, 88 Very hard, 
erumbly erumbly, brittle 


Control butter 


Into storage 7 days 14 days 
Stor- — 
age « Physical Physical Physical 
°F. Flavor charac- Flavor charae- Flavor charac- 
temp. score teristics score teristics score teristics 
40 93 Hard, crumbly, 92 Hard, crumbly, 92 Hard, crumbly, 
sticky sticky sticky 
42 93 Hard, crumbly, 92 Hard, crumbly, 92 Hard, crumbly, 
sticky sticky sticky 
60 93 Brittle, sticky 91 Hard, crumbly, 89 Hard, crumbly, 
sticky sticky 
70 93 Hard, crumbly, 89 Hard, crumbly, 87 Very hard, brittle, 
sticky sticky very crumbly 
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days, the butter had lost completely its smooth spreading property and was 
hard, brittle, and crumbly. This change in body and texture was also noted in 
butter that had been exposed to room temperature for a few hours and recooled 
to 48° F. 

Storage temperature effects were similar for the butter from the control 
churnings. At 60 and 70° F. the poor physical properties became more pro- 
nounced. Changes in flavor score of butter from both methods of manufacture 
were identical. 

To determine the effects of long-time storage at —10° F. on the physical 
properties of the control and experimental butter, samples were randomly 
selected and examined at 48° F. after having been stored for different periods 
of time at —10° F. Very little change was noted in the physical characteristics 
of either the experimental or the control butter during the low-temperature 
storage. It was significant that the excellent spreading property of the butter 
from the experimental churnings was not lost during low-temperature storage. 

It should be noted that during the course of this investigation it was possible 
to manufacture butter with excellent physical properties, using the cream-tem- 
perature treatment when the iodine value and the melting point value indicated 
relatively hard fat. It was also possible to manufacture butter that was hard, 
crumbly, and spread poorly with the control procedure when the iodine value 
and the melting point value indicated relatively soft fat. 
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COMPARISON OF ACID AND NONACID VOLUMETRIC METHODS FOR 
DETERMINING THE PERCENTAGE OF BUTTERFAT 
IN RAW MILK? 


W. T. O’DELL 
Department of Dairy Science, Pennsylvania Agricultural Experiment Station, University Park 


SUMMARY 


Raw milk of varied fat content was comparatively analyzed by the Gerber, Dairy 
Products Section (DPS), TeSa, Schain, Babeock, and Mojonnier procedures. The 
Babeock, Gerber, and DPS averaged higher than the Mojonnier: .054, .077, and .003% 
butterfat, respectively, whereas the TeSa and Schain were lower, .064 and .053%. Ali 
of the above differences, except that for the DPS, were statistically significant (P < 
0.01). When compared with the Babcock, the Gerber test was slightly higher (.023%), 
while the DPS, TeSa, and Schain tests were lower: .038, .082, and .044%, respectively. 
Only the TeSa and Schain differences were statistically significant. The Gerber, DPS, 
TeSa, and Schain tests were more closely correlated with the Babcock than they were 
with the Mojonnier. 

More Gerber tests agreed within + 0.1% of the Babcock (93.9%) than did those 
of the other methods, DPS (86.1%), TeSa (72.2%), and Schain (57.2%). The TeSa 
test showed more tester variation than did the other methods studied. 

As the test of the milk increased from 2.5 to 7.0% fat, the differences obtained by 
the Gerber and DPS were increasingly higher; whereas, those obtained by the TeSa 
and Schain methods were increasingly lower than the Mojonnier. The Babeock did not 
show a similar nomogram effect compared to the Mojonnier. 


An accurate analysis for butterfat in milk has been of great importance 
to the dairy industry for many years. The Roese-Gottlieb or Mojonnier (ether 
extraction) methods are accepted as the most accurate procedures for this 
determination. However, due to their relative expense in time, labor, and 
equipment the volumetric Babcock test, which is much faster, cheaper, and 
simpler to conduct, is relied upon by the dairy industry in the United States 
for routine analyses. In most other countries, the Gerber test, which is quite 
similar to, but faster than, the Babcock test is used. The Gerber test was 
adopted as a legal procedure for use in dairy plants in Pennsylvania in Feb- 
ruary, 1959. It also is used in dairy plants in New York, New Jersey, Cali- 
fornia, and Florida. Although many workers (3, 5, 8, 24, 37) have compared 
the Babeock and Gerber procedures, it was deemed desirable to conduct another 
comparison using more up-to-date equipment than was available when most 
of the earlier investigations were made. 

In recent years, the Schain (33, 34), Dairy Products Section (DPS) (30, 
31, 32), and TeSa (18, 19) tests have been developed to determine the per- 
centage of butterfat in milk and other dairy products. These tests employ 
detergents and other reagents in lieu of strong sulfuric acid, as is required in 
both the Babeock and Gerber procedures. The Schain and TeSa tests also 
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dispense with centrifugation, which offers another advantage over the acid 
procedures. The TeSa test is the most recent of the three new tests and con- 
siderable interest has been shown in its possible use in D.H.I.A. programs (28) 
as well as :n other areas of testing. 

Although the Schain (6, 9, 10, 13, 17, 20) and DPS (15, 17, 32) tests have 
received rather careful investigation, the TeSa procedure has not undergone 
as extensive study. 

EXPERIMENTAL DESIGN 


This study was designed to compare the accuracy of the Gerber, DPS, 
Schain, and TeSa tests with the Babeock method and with the Mojonnier ether 
extraction procedure for determination of butterfat in milks of various fat 
percentages. Raw milk of approximately 3.8% fat was adjusted with either 
raw skimmilk or cream (36.0% fat) to provide milks testing 2.5 to 7.0% 
butterfat at 0.5%, + 0.2%, intervals. The milks were checked for composition 
by the Babeock test. Thus, ten samples of milk were included in each of nine 
replicates conducted by two carefully trained technicians. Each technician 
made up his own lots of milk and conducted each test in duplicate. Only one 
of the technicians included the Mojonnier procedure in his comparison. 

All equipment was checked for accuracy of calibration. Reagents were 
fresh and of good quality. Schain reagent was obtained from Merck and 
Company, Ine., Rahway, New Jersey, and the procedure accompanying the 
reagent was followed. The directions of Sager et al. (32) were followed for 
the DPS test. The procedure recommended by Technical Industries, Inc., 
Fort Lauderdale, Florida (36), was used for the TeSa test. The directions 
as outlined by the Milk Industry Foundation (26) were used for the Gerber 
method. The procedure for the Babcock test was taken directly from official 
methods (1) and the Mojonnier test followed the directions published by the 
company (27). 

Prior to testing, each milk sample was warmed to 100° F. and held at this 
temperature for 5 min., tempered to 60 to 70° F., and mixed thoroughly by 
pouring back and forth at least six times before pipetting. All reagents also 
were tempered to 60 to 70° F. before adding them to the milk sample. 

Statistical procedures used in this study were those outlined by Snedecor 
(35). 

RESULTS 


Since the Babcock has been the basis for payment to the farmer for milk 
for about 70 yr., it would appear reasonable to expect other volumetric tests 
to compare more closely to this test than to ether extraction procedures. There- 
fore, the data are presented first as a comparison with the Babcock test. 

Table 1 compares the average per cent fat and average deviation of the 
four volumetrie tests with the Babcock test. The standard error for the 
average deviation also is shown. Both technicians had similar results with the 
Gerber and DPS tests; however, Technician B showed considerably more devia- 
tion with the TeSa and Schain tests than did A. The average deviation from 
the Babcock test was less than 0.1% in all cases except for the TeSa and Schain 
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TABLE 1 


Comparison of fovr methods of determining butterfat in milk with the Babcock test 
(Average per cent fat of 90 tests in duplicate) 


Method 

Technician Babeock Gerber D.P.S. TeSa Schain 

A 4.716 4.739 4.691 4.671 4.735 
.049 + .035* .062 + .044 .058 + .046 .090 + .063 

B 4.764 4.787 4.713 4.646 4.657 
.050 + .043 072 + .069 126 + .109 149 + .124 

Average 4.740 4.763 4.702 4.658 4.696 
.049 + .040 .067 + .058 .092 + .091 120 + .102 


* Average deviation from the Babcock and its standard error. 


tests for Technician B. These results indicate that the TeSa and Schain pro- 
cedures are subject to more tester variation than the Gerber and DPS. 

Table 2 shows a summary of the deviations from the Babcock procedure. 
On the basis of the percentage of samples within + 0.1% of the Babcock test, 
closest agreement was obtained with the Gerber (93.9%), DPS, (86.1%), TeSa 
(72.2% ), and Schain (57.2%), respectively. The majority of samples in the case 
of the TeSa, DPS, and Schain procedures were lower than the Babcock test 
(80.0, 68.3, and 50.6%, respectively), whereas the reverse was true with the 
Gerber procedure (56.1%). With the TeSa test, 27.8% of the samples were 
more than 0.1% lower than the Babcock, whereas 32.2% of the Schain tests 
were in this category. 

Analyses of variance of the data by each technician are shown in Table 3. 
Almost identical analyses, with the exception of the degree of significance of 
methods, were obtained in each case. Based on the least significant difference 
between means, the TeSa test was significantly (P < 0.05) lower than the 
Babcock test for Technician A and highly significantly (P < 0.01) lower for 
Technician B. The Schain test also was highly significantly (P < 0.01) lower 
than the Babcock for B. The remaining differences among methods were not 
statistically significant. 

The highly significant first-order interactions of methods xX _ replicates 
(M X R) and levels X replicates (L X R) obtained in both cases are difficult to 


TABLE 2 


Deviations from the Babcock test of four methods of determining butterfat 
in milk by two technicians 


Method 

Deviation Gerber BPS. TeSa Schain 
(No.) (%) (No.) (%) (No.) (%) (No.) (%) 
Over + .10 10 ( 5.6) 5 ( 2.8) 0 ( 0.0) 19 (10.6) 
+.10 41 (22.8) 14 ( 7.8) 5 ( 2.8) 40 (22.2) 
+ .05 50 (27.8) 18 (10.0) 16 ( 8.9) 29 (16.1) 
00 26 (14.4) 20 (11.1) 15 ( 8.3) 1 ( 0.6) 
— .05 45 (25.0) 59 (32.8) 56 (31.1) 20 (11.1) 
— .10 7 ( 3.9) 44 (24.4) 38 (21.1) 13 ( 7.2) 
Over — .10 1 ( 0.6) 20 (11.1) 50 (27.8) 58 (32.2) 
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TABLE 3 


Analyses of variance of five volumetric methods of determining butterfat in milk 
by two technicians 


Mean square 


Degrees of 


Source of variation freedom Technician A Technician B 
Total 899 1.9602 1.9880 
Methods (M) 4 0.1569” 0.7118* 
Level of fat (L) 9 194.0687 * 196.2659 * 
Replicates (R) 8 0.7307" 0.8892 * 
Duplicates (D) 1 0.0004 0.9274 
Remainder 877 0.0104 0.0121 
First-order interactions 
MXL 36 0.0487 * 0.0649 * 
MXR 32 0.0134* 0.0534* 
MxD + 0.0009 0.0035 
LXR 72 0.0785 * 0.0415" 
LxXD 9 0.0008 0.0024 
RXD 8 0.0023 0.0045 
Remainder 716 0.0018 0.0049 
Second-order interactions 
MXLXR 288 0.0032 * 0.0087 * 
MXLXD 36 0.0009 0.0014 
MXRXD 32 0.0010 0.0017 
LXRXD 72 0.0008 0.0027 
Remainder 288 0.0008 0.0025 


* Significant at 1% level of probability. 
> Significant at 5% level of probability. 


explain. The explanation offered by Hoover et al. (17) that ‘‘the conditions 
and manipulations of the Babcock test have been more highly standardized, 
through long study and use, than have those of the newer tests’’ also may 
apply here. 

The highly significant interaction of methods X levels (M X L), also ob- 
tained in both cases, can be elucidated by an examination of Figure 1. As the 
percentage butterfat increased, the deviation of the Gerber test from the 
Babeock test, which was used as the standard, increased from an average of 
.024% lower at 2.5% fat to approximately .07% higher at 6.0 to 7.0% fat. 
The DPS test also increased from approximately .08% lower at 2.5% fat to 
approximately the same reading as the Babcock at 6.0 to 7.0% fat. The TeSa 
test was consistently lower (.05 to .11%) than the Babcock at the various 
levels of fat. Although a nomogram was used to correct the Schain readings, 
the results of this study indicate that additional correction factors are 
needed for close agreement with the Babcock test. The Schain test was .08% 
higher than the Babeock at 2.5% fat to approximately .22% lower at 7.0% fat. 
This was almost a straight-line decrease. 

The correlation values for the four volumetric tests versus the Babeock and 
the standard errors of estimate based on a linear regression equation are shown 
in Table 4. Any test that has progressed to the point of being deemed worthy 
of comparison with the long-established Babcock and Gerber tests should be 
expected to show a high correlation value against either of these tests. The 
lowest correlation obtained was .9960 for the Schain test, whereas the highest 
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Vig. 1. Average deviations from the Babcock procedure of four methods of testing raw 
milk for percentage of butterfat. 
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TABLE 4 


Correlations and standard errors of estimate of four methods of determining butterfat 
in milk with the Babcock test 


Method 
Technician Gerber D.P.S. TeSa Schain 

A .9996* .9989 .9994 .9981 
035° .062 .057 .077 

B -9992 .9984 .9968 .9960 
.058 113 .120 

Average .9994 .9960 
.043 .084 .103 121 


“Correlation value. 
Standard error of estimate. 


was .9996 for the Gerber test. Since all values are high, the maximum differ- 
ence of .0036 in this case probably is significant. The standard errors of esti- 
mate show fairly close agreement with the standard errors of the average devia- 
tion in Table 1. These values also show that Technician B had more deviation 
from the Babcock with all four methods than dic A. 

A comparison of the five volumetric methods with the Mojonnier procedure. 
by Technician B is presented in Table 5. Based on average deviations, the 
Babeock, Gerber, and DPS tests appear to give similar results, whereas both 
the TeSa and Schain tests show considerably more deviation from the Mojon- 
nier test. However, on the basis of the summary of deviations of each test 
from the Mojonnier (Table 5), both the Babeock and DPS methods had 66.7% 
of the samples within + 0.1% of the Mojonnier reading, the TeSa, 63.3% ; 
the Gerber, 58.9%; and the Schain, 41.1%. With the Babcock, Gerber, and 
DPS, the majority of samples were higher than the Mojonnier, 78.9, 84.4, and 


TABLE 5 


Cwparison of five volumetric methods of determining butterfat in milk 
with the Mojonnier procedure 


(Average per cent fat of 90 tests in duplicate) 


Method 
Deviation Mojonnier Babcock Gerber D.PS. TeSa Schain 
4.710 4.764 4.787 4.713 4.646 4.657 


.080 + .050* .087+ .060 .085+.076 .106+.112 .149+.115 


Deviations from Mojonnier 


(No.) (%) (No.) (%) (No.) (%) (No.) (%) (No.) (%) 


Over + .10 26 (28.9) 37 (41.1) 16 (17.8) 6 ¢€ 6%) 20 (22.2) 

+.10 26 (28.9) 18 (20.0) 15 (16.7) € 72) 17 (18.9) 

+ .05 19 (21.1) 21 (23.3) 19 (21.1) 16 (17.8) 8 ( 8.9) 

.00 1 1.1) x ti 1 ¢ 0 ( 0.0) 

— .05 8 ( 8.9) 10 (11.1) 18 (20.0) 19 (21.1) 8 ( 89) 

— 10 6 ( 6.7) 3 ( 88) 7 € TS) 14 (15.6) 4 ( 4.4) 

Over — .10 4 ( 4.4) 0 ( 0.0) 14 (15.6) 27 (30.0) 33 (36.7) 
Total 

within + .10 60 (66.7) 53 (58.9) 60 (66.7) 57 (68.8) 87 (41.1) 


* Average deviation and its standard error. 
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55.6%, respectively. The TeSa test showed 66.7% of the samples with lower 
readings than the Mojonnier, whereas the Schain had an exact 50-50 distribu- 
tion. The TeSa and Schain tests had 30.0 and 36.7%, respectively, of the read- 
ings lower than 0.1% of the corresponding Mojonnier reading, whereas the 
Babeock and Gerber tests had 28.9 and 41.1% of the samples with readings 
more than 0.1% higher than the Mojonnier reading. The DPS test had 17.8% 
more than 0.1% higher and 15.6% more than 0.1% lower. 

The correlation values and standard errors of estimate based on a linear 
regression equation for the five volumetric tests versus the Mojonnier were: 
Babeock, .9985, .078; Gerber, .9989, .066; DPS, .9970, .118; TeSa, .9953, .135; 
and Schain, .9942, .142. Comparing these values with those in Table 4 for 
Technician B, it can be seen that the Gerber, DPS, TeSa, and Schain tests 
are more closely correlated with the Babcock test than they are with the 
Mojonnier. 

Analysis of variance of the data revealed thai both the Babeock and Gerber 
gave readings highly significantly (P < 0.01) greater than the corresponding 
Mojonnier reading, while the TeSa and Schain were highly significantly (P < 
0.01) lower. The difference between the DPS and Mojonnier was not statistically 
significant. 

The average deviation of the five volumetric tests from the Mojonnier at 
each level of butterfat is shown in Figure 2. The Gerber and DPS tests show 
an inereasing slope with increasing fat, while the TeSa and Schain show a 
decreasing slope. The Babcock is consistently higher than the Mojonnier, pre- 
senting a fairly straight line from 2.5 to 7.0% fat. 


DISCUSSION 


For simplicity, the five volumetric tests will be discussed separately, 

Babcock. The results of the present study agree with those of other investi- 
gations (2, 4, 7, 8, 12, 14, 25, 29), in that the Babcock gives results approxi- 
mately .05 to .08% higher than ether extraction procedures. However, the 
extent to which the Babeock gave higher values than the Mojonnier did not 
increase with increasing fat test of the milk as reported by Hileman et al. (16). 
An explanation and suggestions for correction of this error has been given by 
Herreid (15). 

Gerber. The advantages in speed and simplicity of the Gerber test as com- 
pared to the Babeock have been pointed out by Levowitz (21, 22, 23) and Gould 
(11, 12). The present study showed that the Gerber test is more highly corre- 
lated with the Babeock (r= .9994) and with the Mojonnier (r= .9989) than 
other tests studied. It averaged .023% higher than the Babcock and .077% 
higher than the Mojonnier. The higher values than the Babcock and ether 
extraction procedure agree very closely with other workers (8, 24, 37). The 
extent to which the Gerber gave higher results than the Babeock or Mojonnier 
increased as the milk became richer in fat. This agrees with the observation 
made by van den Burg et al., as cited by Bakalor. (3), on limited numbers of 
samples. At 3.5 to 4.5% fat, which would fit the majority of milk samples in 
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Fig. 2. Average deviations from the Mojonnier procedure of five methods of testing raw 
milk for percentage of butterfat. 
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dairy plants, the Gerber test showed less than .02% variation from the Babeock. 
With milks testing more than 6.0% fat, the Gerber test showed readings greater 
than .05% of the Babeock. On the basis of the present study, the Gerber test 
gives results comparable in accuracy to the Babeock for use in dairy plants 
where the range would not be expected in most cases to exceed 3.5 to 4.5% but- 
terfat. However, it appears to be less accurate than the Babcock when the fat 
test exceeds 6.0%. 

DPS. In general, of the three nonacid volumetric tests studied, the DPS 
compared most favorably with both the Babcock and Mojonnier procedures. 
However, it was subject to somewhat more variation than the Babcock or 
Gerber. The DPS showed a trend similar to that observed for the Gerber test 
with increasing richness of the milk. As pointed out by Hoover et al. (17), 
the DPS test requires more equipment and is more complicated to perform than 
the Schain test. This also is the case when compared with any of the volumetric 
tests in this study. With milks testing higher than 5.0 to 6.0% fat, a cloudy 
mass of material at the bottom of the fat column was frequently encountered. 
It was necessary to include this material when reading the test. By increasing 
the amount of reagent from the recommended amount of 5 to 7 or 10 ml., as 
suggested by Herreid (15), this difficulty was not encountered. Even though 
the DPS test eliminates strong sulfuric acid, it still requires a centrifuge and 
is much more tedious to perform than any of the five volumetric tests studied. 

TeSa. A summary of previous studies of the TeSa test may be found in a 
report by Technical Industries, Inc. (36) and by Washburn (38, 39). The 
present study is not in close agreement with these results. The TeSa test was 
the only one of four volumetric tests studied which showed a statistically sig- 
nificant difference from the Babcock by each of the two technicians. Also, each 
technician obtained a different type of variation based on the richness of the 
milk. One showed a maximum deviation from the Babcock at 2.5 to 3.0% fat 
approaching practically zero deviation at 7.0% fat. The other technician 
showed just the opposite pattern, obtaining a maximum deviation at 6.5 to 
7.0% fat with the smallest deviation at 2.5 to 3.0% fat. Since both technicians 
obtained quite similar results with the Gerber, DPS, and Schain procedures, 
the discrepancy with the TeSa is even more significant. It appears that the 
TeSa test is subject to more tester variation than other procedures. With the 
exception of the Schain test, the TeSa procedure was least significantly cor- 
related with either the Babcock or the Mojonnier tests. Eighty per cent of the 
observations with the TeSa test were lower than the corresponding Babcock 
readings, with more than one-fourth of the readings being more than 0.1% 
lower. The average error was —.082%, which for all practical purpases may 
be interpreted as 0.1% on the TeSa bottle. Since D.H.I.A. and Official testing 
programs have relied on the Babcock for years, any new test used in these 
programs should give comparable results. It should not show a tendency to be 
generally lower than the Babcock or the Mojonnier tests. 

The average error of —.082% (two technicians) compared with the Babcock 
would appear to make the TeSa test agree more closely with the Mojonnier 
than would the Babcock test. However, the one technician who included the 
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Mojonnier analysis in his study had an average error of —.118% with the TeSa 
vs. the Babeock and —.064% with the TeSa vs. the Mojonnier. Even if the 
TeSa did agree more closely with the Mojonnier than does the Babcock, it is 
questionable whether a penalty of approximately .08% fat should be imposed 
on dairy farmers who have relied on the Babcock test for many years. With 
further refinement and the development of a premixed reagent ready for use, 
the TeSa test shows excellent possibilities for use in the dairy industry. 

Schain. The Schain test probably is the simplest to perform of all tests 
studied, and gives a very clear, sharply defined fat column. However, it 
makes use of a nomogram and, thus, is highly empirical. As pointed out by 
Bakalor (3), the application of nomograms to other tests also would give better 
agreement with ether extraction methods. The results of the present study 
show that additional correction factors are needed to obtain close agreement 
with either the Babcock or Mojonnier tests at the extreme levels of fat content. 
The Schain showed greater than .75% variation from both the Babcock and 
Mojonnier below 3.0% fat and above 5.5% fat. It showed the greatest average 
error and lowest correlation values of any of the tests. 
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SUMMARY 


Forty-eight male Guernsey calves, approximately seven days old, were fed a basal 
ration of whole milk plus required minerals, except magnesium, vitamin A and D, and 
chlortetracyeline. Added per 100 lb. live weight per day to this ration, separately and in 
all possible combinations (2° factorial design), were magnesium (Mg), at 2.5 g.; D,L-a- 
tocopheryl acetate (T), 200 mg.; and cod liver oil (CLO), 1 oz. In anticipation of high 
mortality, eight calves were fed the basal ration, 12 the basal plus CLO, and eight the 
basal plus Mg plus CLO; this was in contrast to only four calves on the other treatments. 
None of the calves fed the basal ration died or exhibited signs of tetany characteristic 
of hypomagnesemia; however, mortality was high in the latter two groups, six and four 
calves, respectively. The results presented below were based upon four calves per treat- 
ment group which survived the 28-wk. experimental period. The addition of Mg resulted 
in a greater incidence of scours, higher terminal serum inorganic phosphorus, magnesium, 
and total tocopherol concentrations, lower heart and skeletal muscle calcium, greater 
heart and skeletal muscle magnesium (only in the absence of T from the ration), and 
lower caleium and higher magnesium in the bone ash. The addition of CLO produced 
a variety of effects: lower live weight gains and greater incidence of scours (only in the 
absence of T from the ration), longer P-R and Q-T electrocardiographic intervals as well 
as systolic indexes, greater concentrations of potassium and vitamin A in the serum, 
lower serum concentrations of magnesium, total tocopherol, and carotenoids, and greater 
whole blood urea levels. Also, the addition of CLO resulted in marked effects on many 
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of the biochemical constituents determined in heart and skeletal muscle as well as liver, 
e.g., for musele, lower concentrations of dry matter, ash, phosphorus, magnesium, 
potassium, creatine, nitrogen, and tocopherol, and greater contents of calcium and sodium. 
CLO, also, caused greater bone calcium and lower magnesium content. As was anticipated, 
the addition of T to the ration largely offset the effects of the addition of CLO. A notable 
exception was the absence of any effect of T on the greater electrocardiographie intervals 
resulting from CLO. 


Prior to the study of Dunean et al. (15) in 1935, attempts to raise calves 
for an extended period of time on a whole milk diet plus a variety of supplements 
had generally resulted in tetany and death. These workers, stimulated by the 
report of Kruse et al. (26) on the dietary need of the rat for magnesium, were 
able to demonstrate normal concentrations of blood serum calcium and _ phos- 
phorus but low concentrations of blood serum magnesium in calves receiving a 
diet of whole milk or a diet of whole milk plus various supplements containing 
inappreciable magnesium. Calves having low blood serum magnesium concen- 
trations generally exhibited tetany. A subsequent investigation (22) indicated 
that the addition of magnesium as oxide or carbonate to a diet of whole milk, 
plus supplements low in magnesium content, would alleviate low serum mag- 
nesium levels as well as tetany. The principal pathological alterations observed 
(32) in these experiments were calcification of the yellow elastic fibers of the en- 
docardium, aorta, jugular veins, large arteries, surfaces of the diaphragm and 
trabecula, and capsule of the spleen. Also, the Purkinje fibers exhibited caleci- 
fication and degeneration. These findings with respect to low blood serum 
magnesium concentrations and tetany of calves fed a whole milk diet (plus 
vitamin D and trace minerals) for extended periods of time have been con- 
firmed by several groups (25, 34, 40-42, 47, 51). However, Herman (21) was 
unable to produce either tetany or low blood serum magnesium concentrations 
in calves upon feeding a similar diet. 

More recently (7, 9, 42, 45), magnesium deficiency has been studied by 
feeding semi-synthetic milk diets to the very young calf or by feeding milk 
from which magnesium was removed by an ion exchange resin (48). Possibly 
because of the relatively lower concentrations of magnesium in these diets in 
comparison with those of whole milk, magnesium deficiency developed in con- 
siderably shorter periods of time than when whole milk was fed. Although 
decreases in blood serum magnesium concentrations and occurrence of tetany 
were observed in calves fed semi-synthetie milk diets, tissue calcification was 
not present (9, 45). 

Tocopherol deficiency in the milk-fed calf, induced by feeding cod liver oil, 
has resulted in a multitude of biochemical changes (6, 10, 11). In addition, 
cardio-vascular and skeletal muscle degeneration (muscular dystrophy) along 
with calcification have been observed when these tissues were subjected to 
histopathological examination and mineral analyses (27). 

Tocopherol deficiency in the milk-fed calf not induced by feeding cod liver 
oil has been relatively difficult to produce; however, several groups of investi- 
gators (28, 29, 46) have recently been able to develop a dystrophogenic semi- 
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synthetic milk diet. The time for the appearance of muscular dystrophy using 
this diet was considerably longer than when cod liver oil was fed. 

Similarities in the histopathological lesions of magnesium deficiency in the 
calf, produced by feeding for an extended period of time a whole milk diet 
plus various supplements low in magnesium content (32), and of tocopherol 
deficiency in the calf fed a milk diet consisting primarily of skimmilk plus lard 
and cod liver oil to induce the deficiency (27), led Blaxter et al. (9) to suggest 
that the classical histopathological changes of magnesium deficiency deseribed 
in earlier work may have been the result of a concomitant tocopherol deficiency 
due to the inclusion of cod liver oil in the diet. However, it needs to be pointed 
out that in one of these studies (22) from which the histopathological material 
was obtained, viosterol, a source of vitamin D, was used. Recently, Thomas 
and Okamoto (47) have given evidence obtained visually that tocopherol will 
not prevent calcification of the heart and great vessels present in calves fed 
for extended periods of time a whole milk diet plus vitamin D and trace minerals. 

The present study was undertaken to determine some of the etfects from 
adding, separately or in all possible combinations, magnesium, tocopherol, and 
cod liver oil to a whole milk diet plus vitamin D, iron, manganese, copper, 
cobalt, and chlortetracycline, and feeding these diets for an extended period of 
time. This report will deal primarily with biochemical constituents; however, 
some statistics on growth, health, and electrocardiographic intervals will be 
included. A second paper (20) will report the histopathology. 


EXPERIMENTAL PROCEDURE 

Animals and feeding. Forty-eight one-day-old male Guernsey calves ob- 
tained from various herds in eastern Connecticut during the period June 
through August, 1957, were placed in sawdust-bedded individual tie-stalls in 
a portion of the research barn maintained at a minimum temperature of 50° F. 
Upon arrival, each received orally one 500-mg. oblet of chlortetracycline 
(Lederle’s Aureomycin) and two gelatin capsules each containing 100,000 U.S.P. 
units of vitamin A (Nopeay 250, Type M, Lot V-9207, 250,000 U.S.P. units per 
gram). Twice each day, whole mixed herd milk (predominantly Holstein) was 
fed at the daily rate of 10% of the live weight of each calf upon arrival at the 
barn for the first week. If the calf had not nursed its dam, the first day’s feed- 
ing consisted of colostrum from a frozen bank. Using each calf’s seventh day 
live weight, milk was fed on the basis of 10% of live weight from eight to 14 
days and thereafter on the basis of an anticipated seven-day increase of 7 lb. 
using the seventh day live weight as the starting value. 


All ealves received, from the eighth day, one of eight diets. The basal diet 
consisted of each calf’s respective milk allowance plus, per 100 lb. of live weight 
per day, 140.0 mg. of iron (ferrous sulfate, 80%, exsiccated, Merck U.S.P., Lot 
No. 089535), 9.0 mg. of manganese (manganous sulfate, monohydrate, powder, 
98%, Merck reagent, Lot No. 50946), 4.0 mg. of copper (cupric sulfate penta- 
hydrate, fine crystals, Merck reagent, Lot No. R41478), 1.0 mg. of cobalt (co- 
baltous chloride hexahydrate, crystals, Baker’s analyzed reagent Lot No. 7202), 
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2,000 U.S.P. units of preformed vitamin A (Hoffmann-LaRoche, vitamin A pal- 
mitate, gelatin beadlets, water-dispersible, containing 325,000 U.S.P. units per 
gram, Lot No. C-2-120-A156), 215 U.S.P. units of vitamin D2 (Hoffmann- 
LaRoche, vitamin Ds, gelatin beadlets, water-dispersible, containing 35,000 
U.S.P. units per gram, Lot No. C-2-120-D155), and 20.0 mg. of chlortetracyeline 
(Lederle’s Aureomycin, chlortetracyecline unrefined, soluble, tinted, containing 
25 g. of chlortetracycline hydrochloride per pound, Lot No. 8744-606). The 
minerals were supplied for each 100 lb. of live weight in 10 ml. of an aqueous 
solution of the following composition per liter: 47.6 g. FeSO, (80%, exsic- 
cated), 2.8 g. MnSO,4-H2O, 1.6 g. CuSO4-5H2O, and 0.4 g. CoCl.-6H2O in 
0.1 N HCl. Similarly, the vitamins were supplied in an aqueous dispersion con- 
taining 2,000 U.S.P. units of vitamin A, 215 I.U. of vitamin De, and 20 mg. of 
chlortetracyeline per 10 ml. The remaining seven diets consisted of the basal 
plus magnesium, Mg, the basal plus tocopherol, T, the basal plus cod liver oil 
(cod liver oil was used to produce a tocopherol deficiency), CLO, the basal 
plus Mg plus T, the basal plus Mg plus CLO, the basal plus T plus CLO, or 
the basal plus Mg plus T plus CLO. Magnesium, as an aqueous solution con- 
taining 3.0 g. of Mg per 100 ml. (MgClo-6H2O, Merck erystal reagent, Lots No. 
D98157 and E4330), was added to provide a daily intake including the Mg in 
the whole milk of 2.5 g. per 100 lb. of live weight; T, as an aqueous dispersion 
containing 200 mg. of D,L-a-tocopherol acetate (Hoffmann-LaRoche, Rovimix E, 
containing 125,000 I.U. of vitamin E as pD,L-a-tocopherol acetate per pound, Lot 
No. 091) per 10 ml., was added to provide a daily intake of 200 mg. per 100 lb. 
of live weight ; and CLO (Nopeo Chemical Co., cold pressed Icelandic cod liver 
oil containing 1,080 U.S.P. units of vitamin A and approximately 100 U.S.P. 
units of vitamin D per g., Controls No. T-9699 and 1034) was added to provide 
a daily intake of 1 oz. (30 ml.) per 100 1b. of live weight. The levels of mag- 
nesium, tocopherol, and cod liver oil were chosen on the basis of the statistics 
of Blaxter et al. (6-11) to provide, respectively, sufficient intake to prevent 
magnesium deficiency, and to prevent or to induce tocopherol deficiency. Min- 
erals, vitamins, and cod liver oil were added, with thorough mixing, directly to 
the milk immediately prior to feeding. These supplements were fed on the 
anticipated actual live weight of each calf caleulated from the current live 
weight and the two immediately previous seven-day increases. Stainless steel 
wire muzzles were used from the eighth day to the termination of the experi- 
mental period for each calf. 


The first 12 calves to arrive at the research barn, the first replicate, were 
randomly assigned to one of the eight diets. However, in anticipation of pos- 
sible mortality, two calves instead of one were assigned to the basal diet, three 
to the basal diet plus CLO, and two to the basal diet plus Mg plus CLO. This 
procedure was continued until a total of four replicates were placed on experi- 
ment. One or three days after completion of 28 successive seven-day periods 
on their respective diets, each calf was slaughtered. 


All calves were observed three times during the day for scours and other 
possible disorders. Secours, if accompanied by a temperature of 103° F. or more, 
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were treated initially with sulfamethazine intravenously at the rate of 26.3 g. 
per 100 lb. live weight, followed by oral administration at the rate of 6.5 g. 
per 100 lb. live weight for an additional two-day period. 

Average maximum and minimum barn temperatures during the experiment, 
with their standard errors were, respectively, 68.6 + 0.2° F. and 58.6 + 0.2° F. 
Light exposure, restricted to 12 hr. daily from incandescent sources only, 
averaged in intensity, at a height of 48 in. approximately in the center of each 
ealf’s stall, 4.8 + 0.6 foot-candles. 

Observations. Milk, fed and refused, was weighed to the nearest 0.1 lb. All 
supplements fed, i.e., minerals, vitamins, and cod liver oil, were measured to 
the nearest 1 ml. in glass syringes. Live weights to the nearest pound were 
taken every seven-day period throughout the experiment, and linear growth 
measurements, height at withers, heart girth, and girth of paunch, to the nearest 
14-in. on the seventh day and at the termination of the 28-wk. feeding period. 

Samples of milk were obtained once weekly for the immediate determination 
of magnesium and calcium, the former being necessary for caleulation of the 
amount of magnesium supplement to add to those calves’ diets which included 
this mineral. Also, the milk samples were analyzed once every 4 wk. for 
tocopherol as well as carotenoids and vitamin A. Samples of cod liver oil were 
taken at approximately 2- to 4-wk. intervals for iodine number determinations. 

Serum samples were prepared from blood obtained by jugular puncture on 
the seventh day and at successive 28-day periods thereafter for cholesterol, 
mineral, and vitamin analyses. Five days prior to slaughter, citrated whole 
blood was obtained similarly for terminal hemoglobin, urea, and nitrogen 
determinations. 

Electrocardiograms were recorded as previously described (39) the week 
prior to subjecting each calf to its respective diet, and the 14th and 28th wk. of 
the feeding period. 

At slaughter, the entire heart, large samples from several skeletal muscles 
(biceps femoris, gastrocnemius, infraspinatus, and supraspinatus) and entire 
liver were removed. Heart and liver were weighed. Heart and skeletal muscles 
were homogenized in an Omni-Mixer and the liver ground in a Hobart food 
chopper, sampled, and the samples held at —18° C. for subsequent mineral, 
creatine, cholesterol (liver), nitrogen, and vitamin analyses. The fifth left rib, 
left cannon bone, and tail (caudal vertebrae) bone were also removed at 
slaughter. The distal 30% of the length of the fifth rib, the distal 15% of the 
length of the cannon bone, and approximately 8 in. of the distal portion of the 
tail bone were held at —18° C. for mineral analyses. Other tissues were sampled 
for subsequent histopathological examination, and these results are to be re- 
ported in a separate paper (20). 

Analyses. All analyses were in duplicate except the following in single: 
sodium, potassium, total tocopherol, carotenoids, and vitamin A; phosphorus 
in serum; creatine in heart, skeletal muscle, and liver; and ash, calcium, and 
magnesium in tail bone. 
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Magnesium and calcium contents of the whole milk were determined by 
titration with ethylenediamine tetraacetic acid, disodium salt (23) and averaged 
with their standard errors, respectively, 53.4 + 0.7 and 501 + 6 mg. per pound. 
The average tocopherol content of whole milk (37) was 0.49 £0.05 mg. per 
pound, carotenoids and vitamin A contents (12) were, respectively, 21 + 4 and 
18 + 4 y per pound and per cent fat (4), 3.9 + 0.1. The average iodine number 
of the cod liver oil as determined by the Hanus procedure (4) was 157 + 1. 

Serum calcium was determined by the procedure of Clark and Collip (18), 
inorganic phosphorus by the Fiske and Subbarow method (17), magnesium by 
precipitation as the magnesium ammonium phosphate with estimation of the 
latter colorimetrically by the Fiske and Subbarow method (17), serum sodium 
and potassium by flame photometry (3), serum total cholesterol by the method 
of Pearson et al. (35), and serum total tocopherol, carotenoids, and vitamin A 
as previously deseribed (39). Whole blood was analyzed for total hemoglobin 
by the procedures of Evelyn and Malloy (16), urea nitrogen by the method of 
Folin and Svedberg as deseribed in Hawk, Oser, and Summerson (18), and 
ammonia by the same procedure as urea nitrogen, except that urease was omitted. 

Tissue dry matter was determined by drying in a foreed-draft oven at 100 
to 105° C. for 20 to 24 hr. (4). For the determination of ash, the dried sample 
prepared as above was placed in a muffle furnace, the temperature raised ini- 
tially to 200° C., increased stepwise by 25° C. increments at one-half hour 
intervals to 325° C., held at 325° C. for 1 hr., increased to 520° C. and held 
at this temperature for approximately a 14-hr. period. Calcium in tissue was 
determined by flame photometry (14), after appropriate preparation of the 
ashed sample by the procedures of Michaels et al. (31). Magnesium content of 
tissue was determined colorimetrically (17) on the supernatant and washings 
from the caleium determination, essentially as for serum. Tissue was analyzed 
for phosphorus by the Fiske and Subbarow colorimetric procedure (17) after 
wet ashing, according to the procedure of Neuman as described by Peters and 
VanSlyke (36). Sodium and potassium content of the tissues were determined 
by flame photometry (3), after preparation of the samples as deseribed by 
Johnston (24). The tissues were analyzed for nitrogen by the Kjeldahl pro- 
cedure (4). Cholesterol content of liver was determined by the method of Sperry 
and Webb (44) and tissue concentration of total creatine as deseribed by 
Rose et al. (38). Total tocopherol, and carotenoids and vitamin A (liver) were 
determined as previously deseribed (39). 

After removal of tissue adhering to the bone, cutting into small pieces with 
a band saw, removal of bone marrow under a jet of water, and partial drying 
in a forced-draft oven at 105° C. for 15 min., the bone was extracted initially 
with 250 ml. of 95% ethanol in a Soxhlet extractor for 16 hr. and, subsequently, 
with 250 ml. of petroleum ether (30-60° C.) for 3 hr. The lipid-free bone was 
ground in a laboratory Wiley mill, using a 20-mesh sieve. Approximately 1 g. 
of ground lipid-free bone was then ashed in a muffle furnace for 16 hr. at 525° C. 
Both calcium and magnesium concentrations in the ash were determined gravi- 
metrically secording to procedures of Washburn and Shear (50), as caleium 
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oxalate monohydrate and as magnesium ammonium phosphate hexahydrate 
after double precipitation of the latter. 

Statistical procedures, as outlined for a 2° factorial design, by Cochran and 
Cox (13) and Snedecor (43), were used in the derivation of the statistics sub- 
sequently reported herein. Only data from calves surviving the 28-wk. supple- 
ment feeding period were used in the caleulations. It was decided at the start 
of the experiment that if more than one calf per replicate survived this period, 
or if one or more calves died during the period, the lowest numbered calf in 
each diet-replicate grouping would be used to give four calves per diet group- 
ing. Also, for brevity, only terminal values for serum, determined on blood 
samples obtained at the completion of the 28-wk. supplementation period, are 
reported. Neither initial values determined prior to supplementation nor 
average values during supplementation are included in the Results section. 
Average values in most cases followed the same trends as the terminal values. 
Also, the statistics pertaining to only two of the skeletal muscles (biceps femoris 
and supraspinatus) are included, since the gastrocnemius and infraspinatus 
exhibited essentially the same general dietary effects. 


RESULTS 


Feed consumption, growth, health, and electrocardiographic intervals (Table 
1, Appendix Table I). Claves readily consumed their daily milk allowances 
with an average of 99% milk refusal free days, Appendix Table I. The addi- 
tion of tocopherol to the whole milk diet resulted in a greater percentage of 
days free of milk refusals than those observed for calves fed no tocopherol 
(+1.4+0.6 difference using the are sin transformation of the percentages, 
Table 1). The effect of tocopherol was most marked when cod liver oil was 
included in the diet as compared to a nonsignificant effect when cod liver oil 
was absent. 

The daily gain in live weight during the 28-wk. supplement period averaged 
1.40 Ib. per calf. Tocopherol resulted in an over-all greater gain, adjusted for 
initial live weight, than that for the calves receiving no tocopherol. This 
positive growth effect of tocopherol was not consistent across all diets, for a 
marked response in live weight occurred in the absence of supplementary mag- 
nesium chloride versus inappreciable response in its presence. Inappreciable 
effect was observed in the absence of cod liver oil, versus a positive effect in 
its presence. The total increases in height at withers, heart girth, and girth of 
paunch were, with their standard deviations in parentheses, respectively, 13.5 
(1.0) in., 20.6 (1.2) in., and 23.2 (2.0) in. While the increases for heart girth 
followed the same general dietary trends as for live weight, diet did not have a 
significant effect on the two other linear growth increases. 

The average per cent days free of scours for the experiment was 95, Appendix 
Table I. The addition of magnesium chloride resulted in a marked increase in 
the incidence as evidenced by a decrease in the are sin transformed percentages 
(Table 1) between calves fed magnesium chloride and those in which the mag- 
nesium chloride was absent. In contrast, tocopherol had no over-all effect, but 
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TABLE 1 
Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on milk refusals, 
growth, scours, and terminal electrocardiographic intervals of calves fed a whole milk diet 


Standard 
error 


rion T CLO feren 
stud- Fae- Mean Mean tial 


ied tor effeet 4 + effect effect 


Days free of milk refusals (are sin V%) 
Mg +0.4 fe 
7 +1.4 +1.2 +1.6 
CLO —0.4 +0.4 


Live weight increase—adjusted  (lb/day) 
+0.02 
+0.12 +0.18 
—0.02 +0.01 —0.05 


Days free of scours (arc sin V%) 
Mg —9.6 
= +0.6 +4.7 —3.5 
CLO —2.0 0.0 —4.0 


Terminal electrocardiographic intervals—adjusted (sec.) 
Mg +0.004 
? +0.001 
CLO +0.021 


Q-T 
Mg +0.002 
T +0.008 
CLO +0.022 


Terminal systolic index * 
Mg +0.009 
7 +0.006 
CLO +0.031 A +0.039 +0.028 
0.010 


“— indicates absence from the diet; + indicates presence. 

> Indicates increase adjusted by covariance (13) for initial live weight observed on the 
seventh day prior to addition of Mg, T, or CLO to the whole milk diet. 

© Adjusted by covariance (13) for initial values observed the week prior to addition of 


Mg, T, or CLO to the whole milk diet. 
“Ratio of the Q-T interval in seconds to the square root of the time in seconds for a 


complete cardiac cycle. 


did result in greater percentages of days free of scours in those calves receiving 
no supplementary magnesium or no cod liver oil. Cod liver oil also had no over- 
all effect, but in the presence of tocopherol the incidence was greater. The 
number of treatments for scours averaged 0.3 per calf and was not a particular 
problem in this study. 

None of the calves exhibited signs of tetany during the 28-wk. supplement 
period. Three of the four extra calves (one from each replicate) fed the basai 
diet were maintained on this diet for an additional 32-wk. period, with the fourth 
calf receiving magnesium at the level used in the experiment proper. At the 
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completion of this additional supplement period, the three calves fed the basal 
diet had average serum magnesium values of 1.0 mg. per 100 ml. (range 0.4 to 
1.8), yet none exhibited tetany. The fourth calf’s serum magnesium concentra- 
tion was 2.3. In possible contrast, clinical signs of tocopherol deficiency, in- 
ability to arise and to drink, and subsequent death were frequent in calves fed 
cod liver oil without additional tocopherol. Six out of the 12 calves fed 
the basal diet plus cod liver oil died at average time on experiment of 22.4-wk. 
(range 18 to 26) and four out of the eight fed the basal diet plus cod liver oil 
plus magnesium at average time of 24.0-wk. (range 22 to 26). Of the calves 
surviving the 28-wk. supplement period and used in the statistics reported 
herein, one in the group fed the basal diet plus cod liver oil exhibited tocopherol 
deficiency signs and two in the group fed the basal diet plus cod liver oil plus 
magnesium. 

The average heart rate in beats per minute was 99 (Appendix Table I) and 
this criterion was not significantly affected by diet. Cod liver oil resulted in a 
positive effect in the P-R and Q-T intervals (Lead IT) of the electrocardiograms 
and also a positive effect in the systolic index. Inappreciable effect was noted 
on the QRS interval. These effects of cod liver oil were less pronounced upon 
addition of magnesium to the diet as compared to those effects in the absence 
of magnesium, and the results were rather inconsistent as to when tocopherol 
was present or absent in the diet. 

Serum (Table 2 and Appendix Table II). The addition of magnesium, tocoph- 
erol, or cod liver oil resulted in inappreciable effect in the concentration of 
ealeium in the serum determined from blood samples obtained the 28th wk. of 
the supplement period, Table 2. It was of interest that the average values for 
serum calcium during the supplement period were lower upon the addition of 
magnesium (—0.23 + 0.09) and were slightly higher (+0.16 + 0.09) upon the 
inelusion of cod liver oil. Terminal serum phosphorus was greater when mag- 
nesium was added to the diet (Table 2). 

Added magnesium, Table 2, resulted in appreciably higher terminal serum 
concentrations of this element, the effect of tocopherol was also positive, but 
cod liver oil had the opposite effect. The response to magnesium varied some in 
magnitude in the presence or absence of either tocopherol or cod liver oil, but 
in all cases it was positive and statistically significant. In possible contrast, 
cod liver oil resulted in markedly lower serum magnesium concentrations in the 
absence of magnesium in the diet, but insignificant effect in its presence. Tocoph- 
erol resulted in a positive effect on serum magnesium concentrations in the 
absence of added dietary magnesium and little response in its presence. In the 
absence of cod liver oil, tocopherol had an insignificant effect on serum mag- 
nesium concentration; but in the presence of cod liver oil, tocopherol resulted 
in a positive response. 

Terminal serum sodium values varied inappreciably from diet to diet. In 
contrast, terminal serum potassium concentrations were lower upon the addition 
of tocopherol to the diet and the opposite was found for cod liver oil. The effect 
of tocopherol was not consistent across all diets, e.g., in the absence of magnesium, 
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TABLE 2 
Effect of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on some biochemical 
constituents in serum and on whole blood urea of calves fed a whole milk diet * 


Standard 
error 
Crite- Effect with 
rion effect feren- 
stud- Fae- Mean Mg tial 
ied tor effect —_> +> - + _ + effect 
(mg/100 ml.) 
Caleium 
Mg Bee . +017 =—-0.48 +0.07 —0.37 
T +0.10 +0.42 +0.08 +0.12 
CLO +0.14 +0.35 —0.07 +0.12 
0.18 0.26 
Inorganic phosphorus 
Mg +1.3 +13 +1.3 +0.9 +1:7 
+0.2 +0.2 +0.2 +0.6 
CLO +0.2 —0.2 +0.6 —0.2 +0.6 ie 
0.2 0.3 
Magnesium 
Mg +1.01 +065 +048 +1.18 
+0.22 +0.40 +0.04 +0.15 +0.29 
CLO —0.50 -—0.85 -057 —0.43 
0.10 0.14 
Potassium 
Mg +0.4 +0.9 +0.9 
—0.9 —is —0.3 —0.2 —16 
CLO +1.1 +0.6 +1.6 +1.8 +0.4 wie 
0.4 0.5 
Cholesterol 
Mg +26 Ae ee +18 +34 +32 +20 
T +13 + 5 +21 on +39 
CLO —26 —20 —32 —52 0 a it 
14 20 
(7/100 ml.) 
Tocopherol 
Mg ee eee — 10 +198 +122 + 66 
T +653 +549 +757 desk. . Pages +651 +655 
CLO —124 — 95 —153 —126 
46 65 
(mg. N° /100 ml.) 
Whole blood urea 
Mg +0.4 +10 02 406 +402 
CLO +0.9 +1.1 +0.7 +1.4 +0.4 Py 
0.4 0.6 


* Represent values obtained the 28th wk. of the supplement period. 
>— jindieates absence from the diet; + indicates presence. 
© Adjusted by covariance (13) for initial values obtained the day prior to the addition 


of supplements to the diet. 
a negative response in serum potassium was observed, but in its presence no 
significant effect was found. Also, in the absence of cod liver oil, tocopherol 
had little effect on serum potassium, but in its presence, a marked negative 
effect. The addition of cod liver oil to the whole milk diet resulted in an appre- 
ciable response in the serum potassium concentration only in the presence of 
magnesium in the diet or in the absence of tocopherol. 

Terminal serum cholesterol tended to be greater when magnesium was in- 
cluded in the diet and lower upon the addition of cod liver oil. The effect of 
magnesium was greater in the presence of tocopherol and in the absence of cod 
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liver oil in the diets. The over-all negative effect of cod liver oil was due to a 
marked response in the absence of tocopherol in the diet with the remaining 
differential responses, i.e., in the presence or absence of magnesium or presence 
of tocopherol in the diets, being nonsignificant. While tocopherol did not exhibit 
an over-all effect on serum cholesterol, it did tend to result in greater concen- 
trations of this constituent when cod liver oil was included in the diet. 

Serum tocopherol concentrations were slightly greater upon inclusion of 
magnesium in the diet, markedly greater with tocopherol, and lower with cod 
liver oil. The effects of magnesium on the concentrations of this vitamin in the 
serum were most pronounced in the presence of tocopherol in the diet and in 
the absence of cod liver oil. The positive effects of tocopherol were quite con- 
sistent whether magnesium or cod liver oil was absent or present in the diet. The 
depressing effect of cod liver oil was most pronounced in the presence of mag- 
nesium. Terminal concentrations of serum carotenoids were found to be lower 
(—30 + 4) and serum vitamin A greater (+8 + 4) upon inelusion of ced liver 
oil in the diet. 

Whole blood hemoglobin and ammonia determined in samples obtained just 
prior to the termination of the experiment averaged, with their standard devia- 
tions in parentheses, 11.6 (1.2) g. per milliliter and 4.4 (1.0) mg. NH; per 100 
milliliters, respectively. Neither criterion was appreciably affected by diet. 
Whole blood urea was lower in those calves receiving tocopherol in the diet and 
higher with cod liver oil. The negative effect of tocopherol was significant when 
magnesium was present in the diet and also when cod liver oil was present. Cod 
liver oil’s positive effect on whole blood urea was significant when either mag- 
nesium or tocopherol was absent from the diet. 

Heart and skeletal muscle (Tables 3 and 4 and Appendix Table III.)® The 
average weight of the heart was 892 g., with a standard deviation of 106. Cod 
liver oil when added to the whole milk diet resulted in a positive response 
(+168 +38 g.). This effect of cod liver oil was somewhat consistent in the 
absence or presence of magnesium (+179 + 53 and 157 £53, respectively), but 
in the absence of tocopherol, the effect (+206 + 53) of cod liver oil was of 
greater magnitude than in its presence (+130 + 53). 

The dry matter contents of the heart and skeletal muscle tissue were gen- 
erally less when cod liver oil was added to the diet than in its absence (heart, 
—0.2 +0.2 g. of wet tissue, biceps femoris, —0.8 +0.2, and supraspinatus, —0.6 
+ 0.2). Tocopherol had the opposite effect (heart, +1.0 + 0.2, biceps femoris, 
+0.6 + 0.2, and supraspinatus, +0.3 + 0.2). These over-all effects of cod liver 
oil or of tocopherol were not influenced by the presence or absence of magnesium 
in the diet. Cod liver oil’s depressing effect on dry matter content was counter- 
acted by tocopherol, as evidenced by positive changes in the dry matter when 
tocopherol was included (e.g., heart, —1.5 + 0.2 in the absence of tocopherol 


°The concentration of all biochemical constituents was caleulated on the basis of per 
100 g. of dry matter as well as the concentration of the minerals on the basis of per 100 g. 
of ash. However, since the statistics caleulated on these two bases were essentially similar 
as to dietary effects to those on a wet basis, they are not presented here. 
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TABLE 3 


Effect of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on eaicium, phosphorus, 
and magnesium in heart and skeletal muscle of calves fed a whole milk diet * 


Standard 


error 
Crite- __—s Dit- 
rion Mg T CLO feren- 
stud- Fae- Mean — —_— Mean tial 
ied tor effect +° + + effect effect 
(mg/100 g. wet tissue) 
Calcium 
Heart 
Mg —0.7 +0.2 0.0 —1.4 
CLO +2.0 +1.3 +4.3 —0.3 
0.4 0.6 
Biceps femoris 
Mg —0.2 —0.2 —0.2 —0.2 —0.2 
= —0.9 —0.9 —0.9 —0.1 
CLO +0.9 +0.9 +0.9 +87 +0.1 
0.1 0.1 
Supraspinatus 
Mg —0.4 —0.4 —0.4 —0.4 —0.4 
—1.2 —i2 —0.1 —2.3 
CLO +1.0 +1.0 +1.0 —@:3 
0.1 0.2 
Phosphorus 
Heart 
CLO —13 —33 +7 
2 2 
Biceps femoris 
+17 +37 +327 +33 
CLO —30 +2 
2 3 
Supraspinatus 
? +7 +10 +4 +47 
CLO —8 —6 —18 +2 
2 3 
Magnesium 
Heart 
Mg +0.4 +0.9 +0.6 +0.2 
CLO —2.6 —2.4 —2.8 —5.6 +0.4 
0.3 0.4 
Biceps femoris 
Mg +0.2 a ais +0.2 +0.2 0.0 +0.4 
T +2.6 +2.6 +2.6 a ans —0.5 +5.7 
CLO —3.3 —62 0.0 
0.3 0.4 
Supraspinatus 
Mg +0.6 +43 +0.2 +1.0 
+15 +2.2 +0.8 +4.0 
0.4 0.6 


“Represent values obtained upon completion of the 28-wk. supplement period. 
> jndieates absence from the diet; + indicates presence. 


a 
e 
t 
f 
d 
n 
|- 
e 
r 
r 
0 
d 
d 
e 
d 
e 
it 
l- 
t, 
6 
S, 
n 
n 
or 


B. A. DEHORITY ET AL 


TABLE 4 


Effect of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on sodium, potassium, 
and tocopheral concentrations in heart and skeletal muscle of calves fed a whole milk diet * 


Standard 
error 


Effect with 


feren- 
tial 
+ effect 


(mg/100 g. wet tissue ) 


Biceps femoris 
Mg 


CLO 


Supraspinatus 
Mg 
CLO 


Potassium 
Heart 
Mg 


CLO 
Biceps femoris 

Mg 


T 
CLO 


Supraspinatus 
Mg 
—]2 
CLO 2 2 2 —60 +8 ales 


(log y/100 g. wet tissue) 


Tocopherol 


+0.04 +0.06 
+0.70 
—0.09 


Supraspinatus 
Mg —0.01 
+0.71 +0.69 


CLO -014 
0.02 


* Represent: values obtained upon completion of the 28-wk. supplement period. 

>— indicates absence from the diet; + indicates presence. 
and +1.1+0.2 in the presence of tocopherol). Conversely, tocopherol had 
little effect in the absence of cod liver oil (e.g., heart, —0.3 + 0.2), but a marked 
effect in its presence (e.g., heart, +2.3+ 0.2). Essentially similar dietary 
trends as those for dry matter were found for ash content. 


70 
3 Crite- 
rion Mg 
stud- Fae- 
ied tor effect +° 
Sodium 
Heart 
Mg —2 ‘ —2 —2 
CLO +15 +15 +15 +40 —10 eth ye 
2 2 
—24 —24 —24 0 —48 
+25 +24 +26 +50 0 “its aan 
: 3 4 
—16 —16 0 —30 
+15 +15 +15 +30 0 
» 
po +6 -2 +14 +6 + 6 
+16 + 7 +25 +45 
7 10 
—14 +10 0 —¢4 
+34 +21 +47 & = 7 +75 
—46 —44 —48 —87 =— “al 
. 12 16 
0 
+56 
$$ 
Heart 
3 Mg +0.02 
? +0.75 
CLO 
0.05 0.07 
+0.73 +0.63 +0.79 
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Magnesium added to the whole milk diet resulted in lower calcium concen- 
tration of the tissues (Table 3). Tocopherol also had a negative effect while, 
in contrast, cod liver oil gave positive responses. The effects of added mag- 
nesium on calcium concentration were reasonably consistent in the absence or 
presence of either tocopherol or cod liver oil for the two skeletal muscles. 
However, for heart, magnesium resulted in negative responses in the absence of 
tocopherol and in the presence of cod liver oil, but resulted in inappreciable 
effect either in the presence of tocopherol or in the absence of cod liver oil. 
The negative effect of tocopherol on calcium content of the tissues was essen- 
tially similar whether or not magnesium was present. However, in the absence 
of cod liver oil, tocopherol had little effect as contrasted to the marked negative 
effects of tocopherol in the presence of cod liver oil. Conversely, the positive 
effects of cod liver oil on calcium content were inappreciable in the presence of 
tocopherol but marked in its absence. 

The phosphorus contents of heart and skeletal muscle (Table 3) were greater 
in calves fed tocopherol and lower in those fed cod liver oil. Magnesium was 
without significant effect on this element. The positive response of tocopherol 
on phosphorus content was marked in the presence of cod liver oil and either 
small or insignificant in the absence of cod liver oil. Conversely, the negative 
effect of cod liver oil was evident only in those calves not receiving tocopherol, 
since, in the presence of tocopherol, cod liver oil resulted in small, nonsignificant 
decreases or increases in phosphorus. 


The effects of the addition to the whole milk diet of both tocopherol and 
cod liver oil on the magnesium contents of heart and skeletal muscle (Table 3) 
were essentially similar in trend to those for phosphorus. 


The sodium contents of these tissues (Table 4) were unaffected by the 
addition of magnesium to the diet, but negative responses were observed due to 
the addition of tocopherol and positive responses due to the addition of cod 
liver oil. The converse was found for potassium: tocopherol resulted in a 
positive effect, whereas negative effects were observed for cod liver oil. Also, 
the ratio of potassium to sodium in these tissues (which on a wet tissue basis 
averaged 3.66 for heart, 5.94 for biceps femoris, and 5.44 for supraspinatus, 
with standard deviations of 0.34, 0.66, and 0.45, respectively) were greater when 
tocopherol was present in the diet (+0.80 + 0.12 for heart, +1.77 + 0.23 for 
biceps femoris, and +1.22+0.16 for supraspinatus) and smaller upon the 
addition of cod liver oil (—0.51 + 0.12 for heart, —1.99 + 0.23 for biceps 
femoris, and —1.26 + 0.16 for supraspinatus). The effects of tocopherol on both 
sodium and potassium and their ratios were marked in the presence of cod 
liver oil and the effects of cod liver oil marked in the absence of tocopherol. 


Creatine and nitrogen (Appendix Table III) concentrations of heart and 
muscle tissue were greater in the presence of tocopherol in the diet and in the 
absence of cod liver oil. The mean responses for tocopherol were, respectively, 
+0.09 + 0.02 g. nitrogen per 100 g. wet tissue and +46 + 5 mg. creatine per 100 
g. of wet tissue for heart, +0.12 + 0.04 and +75 + 8 for biceps femoris, and 


+0.06 + 0.03 and +47 + 6 for supraspinatus. Those for cod liver oil were, re- 
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spectively, —0.04 + 0.02 and —37+5 for heart, —0.15 + 0.04 and —50+8 
for biceps femoris, and —0.07 + 0.03 and —33+ 6 for supraspinatus. The 
effects of tocopherol were attributable primarily to the inclusion of cod liver 
oil in the diet and those for cod liver oil to the absence of tocopherol. 

The lipid content (Appendix Table III) of heart was greater (+0.32 + 
0.11 g. per 100 g. of wet tissue) in those calves fed tocopherol, but not sig- 
nificantly affected by cod liver oil (—0.17 + 0.11) or magnesium (—0.01 + 
0.11). Supraspinatus lipids were lower in the presence of tocopherol (—0.22 + 
0.10) and greater in the presence of cod liver oil (+0.37 + 0.10). While the 
effects of tocopherol on heart lipids in the presence of cod liver oil and those of 
cod liver oil in absence of tocopherol tended to follow the general pattern as 
cited above for some of the previous constituents, such as phosphorus, mag- 
nesium, sodium, ete., these were not as pronounced in the case of the lipids. 
No such trends were observable for supraspinatus. 

The concentration of tocopherol in heart and supraspinatus (Table 4) were 
markedly greater when tocopherol was fed and slightly lower upon inclusion of 
cod liver oil in the diet. The effect of tocopherol was of approximately the 
same magnitude whether magnesium or cod liver oil was or was not included 
in the diet. The effect of cod liver oil was not consistent across all diets, since 
negative responses occurred in the absence of tocopherol, in contrast to nonsig- 
nificant effects in the presence of tocopherol. 

Liver (Table 5 and Appendix Table IV). Tocopherol resulted in smaller 
liver weights (Appendix Table IV), as evidenced by an over-all negative re- 
sponse (—206 + 111 g.) to the addition of this vitamin to the whole milk diet. 
The negative effect of tocopherol was especially apparent upon the addition 
of either magnesium (—332 + 156) or cod liver oil (—470 +156) to the diet. 
Conversely, calves fed cod liver oil had larger livers (+482 +111) than those 
not fed this substance, and the effect of cod liver oil was quite pronounced 
(+746 + 156) in the absence of tocopherol. Similar dietary trends were ob- 
served for the effect of tocopherol on dry matter content (+0.6 + 0.3 g. per 
100 g. wet tissue for the over-all effect, +0.8 + 0.4 in the presence of magnesium, 
and +0.8 + 0.4 in the presence of cod liver oil) ; however, no significant re- 
sponses were observed for cod liver oil. 

Liver creatine concentrations were less in calves fed cod liver oil, with the 
negative effect of cod liver oil being more evident when either magnesium or 
tocopherol was absent from the diet. Liver cholesterol concentrations were also 
less when cod liver oil was added to the diet, with this negative effect being 
significant only in the presence of magnesium and in the absence of tocopherol. 
The concentration of lipids in the liver of calves fed cod liver oil was greater 
than that in livers of calves not fed this substance. This positive effect of cod 
liver oil was not counteracted by tocopherol for, in the presence of tocopherol, 
the effect was significantly larger and in the absence of tocopherol, inappre- 
ciable. The over-all effect of tocopherol on lipid concentration was not sig- 
nificant ; however, the effect in the presence of cod liver oil was positive. 


Liver tocopherol concentrations (Table 5) were inappreciably affected by 
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TABLE 5 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on some biochemical 
constituents in liver of calves fed a whole milk diet * 


Standard 
error 


rion T feren- 
ied tor effeet + effeet effect 


Effeet with 


(mg/100 g. wet tissue) 
Creatine 
Mg — 3 —] 


CLO 5 4 


Cholesterol 
Mg +9 — +17 
= —3i 
CLO —48 —*¢ 


(9/100 g. wet tissue ) 


Mg —0.07 +0.03 +0.03 
T 
CLO 


Tocopherol 
Mg —0.01 
+0.96 96 +0.96 
CLO —0.18 —0.17 
0.04 0.05 


“Represent values obtained upon completion of the 28-wk. supplement period. 
»— jndieates absence from the diet; + indicates presence. 


the inclusion of magnesium in the diet. The effect of tocopherol was positive, 
and that for cod liver oil, negative. While the effect of magnesium on the 
concentration of carotenoids was inappreciable, tocopherol resulted in a positive 
response (+0.31 + 0.07) and cod liver oil, negative (—0.46 + 0.07). In the 
presence of cod liver oil in the diet, the effect of tocopherol was considerable 
(+0.70 + 0.10) ; whereas, in the absence of cod liver oil, the effect was negligible 
(—0.08 + 0.10). Similarly, cod liver oil resulted in a marked negative response 
(—0.85 + 0.10) in the absence of tocopherol in the diet, but in the presence of 
tocopherol, an inappreciable effect (—0.07 + 0.10) was observed. The responses 
of liver vitamin A to tocopherol and cod liver oil were positive (+0.39 + 0.04 
and +0.92 + 0.04, respectively). The effect of tocopherol in the absence of cod 
liver oil was less (+0.15 + 0.06) than in the presence of this substance (+0.63 + 
0.06). A similar difference in magnitude of the effect of cod liver oil was 
observed in the absence (+0.68 + 0.06) and in the presence (+1.16 + 0.06) of 
added tocopherol. 

Bone (Table 6 and Appendix Table V). Ash contents of rib, cannon, and 
tail bones were, respectively, 57.5, 58.3, and 54.7 g. per 100 g. of lipid-free bone, 
with standard deviations of 1.3, 1.9, and 1.7. Ash content was not appreciably 
affected by diet. 
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TABLE 6 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on ecaleium and 
magnesium concentrations per unit of ash in bone of calves fed a whole milk diet * 


Standard 


Crite- Effeet with 
rion 

ied tor effeet effect 


Caleium , 
—0.33 —0.23 
+0.14 +0.20 


Cannon 
—0.40 —0.14 
—0.06 
—0.08 +0.16 +0.02 


—0.52 —0.36 


+0.20 +0.02 


+0.21 
+0.05 
—0.06 


+0.20 
+0.06 
—0.08 


+0.21 
+0.06 
—0.07 —0.16 +0.02 


“Represent values obtained upon completion of the 28-wk. supplement period. 
>— indicates absence from the diet; + indicates presence. 
© Lipid-free basis after extraction with ethyl alcohol and petroleum ether. 


Magnesium added to the diet resulted in negative responses in bone calcium. 
Upon inclusion of tocopherol in the diet, the over-all effects were negative but 
not of the same magnitude as for those effects of added magnesium. Cod liver 
oil tended to cause slight positive responses. The negative responses to mag- 
nesium were generally less in the presence of tocopherol in the diet and in the 
absence of cod liver oil than in the absence of tocopherol and in the presence 
of cod liver oil. The responses for tocopherol were generally significantly 
negative in the absence of magnesium and in the presence of cod liver oil. 
Conversely, the positive effect of cod liver oil was most pronounced in the 
absence of magnesium and tocopherol. 

Magnesium added to the whole milk diet resulted in greater bone magnesium 
concentrations, as evidenced by the over-all positive responses to this element. 
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| 
error 
—0.22 —0.34 
—0.09 —0.05 
0.08 0.11 
—0.10 —0.44 
—0.13 —0.25 
0.09 0.12 
; Tail 
Mg —0.44 —0.36 —0.52 
—0.08 —0.15 —0.01 +0.01 —§.17 
cLo +011 +019 +003 
0.04 0.06 
é Magnesium 
Rib 
Mg +0.23 +0.19 +0.11 +0.31 
CLO —0.16 -—0.08 —0.04 
0.01 0.04 
Cannon 
Mg +0.25 +015 +0.10 +0.30 
+0.10 +0.02 +0.10 +0.02 
CLO —0.18 +0.02 —0.12 —0.04 gees 
0.03 0.04 
Tail 
Mg +0.25 +0.17 +0.12 +0.30 
CLO —0.10 —0.04 
0.02 0.03 
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Tocopherol caused positive responses, but these were of considerably smaller 
magnitude than the effects attributable to the addition of magnesium. Cod liver 
oil had a negative effect on bone magnesium content. The positive effects of 
magnesium were generally less in the presence of tocopherol and in the absence 
of cod liver oil than in the opposite cases. The positive effects of tocopherol 
on bone magnesium concentrations were of considerably smaller magnitude 
when magnesium was added to the diet and when cod liver oil was absent, than 
when the magnesium was absent or cod liver oil present. The negative effects 
of cod liver oil were especially noticeable in the absence of magnesium aud 
tocopherol from the diets. 

The ratio of caleium concentration to magnesium concentration in bone 
averaged 52 for rib, 56 for cannon, and 59 for tail, with their respective 
standard deviations being 11, 15, and 12. The addition of magnesium caused 
smaller ratios, as evidenced by negative responses (—17 + 4 for rib, —21 45 
for cannon, and —24 + 4 for tail) upon addition of this element to the whole 
milk diet. Tocopherol also resulted in negative effects (—7 + 4, —11 + 5, and 
—10 + 4), whereas the effect of cod liver oil was positive (+8 + 4, +12 +5, 
and +12 +4). The effects of the addition of magnesium were most evident in 
the absence of tocopherol from the diet and in the presence of cod liver oil; 
those of tocopherol, in the absence of magnesium and in the presence of cod 
liver oil; and those of cod liver oil, in the absence of either magnesium or 
tocopherol. 

DISCUSSION 


The data confirm by biochemical means the previous observations (32, 47), 
of greater calcium concentration in soft tissue in the calf fed for extended 
periods of time a diet consisting of whole milk plus vitamins A and D, chlortet- 
racycline, and minerals other than magnesium, than when the same diet is 
supplemented with magnesium. Similar calcification occurring in the guinea 
pig and rat has been reported (30, 33) when diets low in magnesiym content 
were fed. While the addition of magnesium to these diets prevented the increases 
in the caleium content of soft tissue, whether the calcification was due to hypo- 
magnesemia per se or indirectly to an interrelationship(s) between magnesium 
and another mineral(s) or other dietary constituent(s) is not known. Some 
evidence for possible interrelationships between diet content of either magnesium 
and calcium or magnesium and phosphorus on soft tissue calcification has been 
obtained for the guinea pig by Maynard et al. (30). More recently, O’Dell e¢ al. 
(33) have indicated that in both guinea pigs and rats, excessive dietary phos- 
phorus to magnesium ratios are more conducive to caleification of soft tissue 
than excessive calcium to magnesium ratios. Tocopherol in the present experi- 
ment did not appear to influence the negative responses in calcium content of the 
tissues due to the presence of magnesium in the diet. Evidence for this was 
that the negative effects of additional magnesium on tissue calcification were, 
in the case of heart, greater in the absence of tocopherol in the diet than in its 
presence, In the case of skeletal muscle, inappreciable differences occurred in 
the responses whether tocopherol was absent or present in the diet. It would, 
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76 
therefore, appear that tocopherol per se had little effect in alleviating elevated 
ealcium concentration of soft tissue due to low magnesium content of the diet, 
as suggested by Blaxter and Rook (9). 

In contrast to the occurrence of soft tissue calcification in chronie hypo- 
magnesemia of calves, acute hypomagnesemia, produced in a relatively shorter 
period of time by feeding semi-synthetic milk diets containing less magnesium 
than whole milk, has not resulted in calcification as determined by visual in- 
spection (45) or histopathological study (9). However, it is of interest that 
in one of these studies (9), the average calcium contents of eight out of 11 
tissues of three magnesium-deficient calves were greater than the averages of 
the same tissues of four normal calves. While the statistical significance of 
these data remain doubtful, they would tend to support the biochemically de- 
termined increased calcium content of soft tissue as reported herein and of 
those for the guinea pig (30). 


The absence in this experiment of any visual signs in the intact calf charac- 
teristic of hypomagnesemia, such as those carefully described by Blaxter and 
Rook (9), is contrary to most of the reports in the literature as reviewed in 
the introduction. Comparison of the serum and especially bone magnesium 
concentrations of calves of this study not fed magnesium with those in the 
literature of calves exhibiting tetany (9, 34, 42, 47), indicated that the degree 
of magnesium deficiency was considerably less in the present experiment. The 
reasons for the milder hypomagnesemia in the calves of this experiment are 
not known. Possibly, the relatively slower rates of gain in live weight as 
observed in this experiment as contrasted to those of some of the other reported 
experiments (9, 40, 47), may have contributed to a less rapid magnesium deple- 
tion. In contradiction of this, Parr (34) has given evidence to indicate little 
difference in depletion rate between calves fed whole milk at the rate of 10% 
of live weight and those fed at the 20% level. Another possible causative factor 
might have been the lack of exercise, since the calves were maintained in tie- 
stalls except for a short walk weekly to be weighed. Also, the temperature of 
the unit in which the calves were housed was maintained at a minimum of 50° 
F. Had the temperature been allowed to fall below this level, it might have 
resulted in a more rapid magnesium depletion, because low ambient temperature 
has been reported to increase considerably the magnesium required per gram 
of diet to promote equal gain in weight of rats (19). Also, there may exist a 
breed difference (45), since previous investigators have used breeds other than 
Guernseys to study hypomagnesemia. 

Most of the other observations pertaining to hypomagnesemia are essentially 
in agreement with the previous reports in the literature. For example, both 
serum and bone magnesium concentrations were markedly greater in calves 
which had this element added to the whole milk diet (9, 34, 40, 47). In contrast, 
the presence of magnesium in the diet had little effect upon magnesium concen- 
tration of soft tissue (9, 34), with the exception that, in the absence of tocopherol 
in the diet, magnesium content of soft tissue was greater than in its presence. 
Both serum (average values for the supplement period but not terminal values) 
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and bone caleium concentrations were greater in calves not fed magnesium than 
were those in calves fed magnesium (9, 34). Cholesterol values tended to be 
lower in calves fed the whole milk diet than in those calves fed whole milk plus 
magnesium (49). Possible exceptions were lower serum inorganic phosphorus 
and tocopherol concentrations occurring in the calves fed no added magnesium 
as compared to those occurring in calves fed additional magnesium. Scours 
were not a particular problem in calves not fed additional magnesium as mag- 
nesium chloride, but the addition of this compound caused markedly greater 
incidence. The effect of this higher incidence of scouring on the calf was not 
ascertained, since balance or digestibility studies were not undertaken. 

The rather marked effects of cod liver oil on the biochemical constituents 
of serum and soft tissue, and the almost opposite effects of tocopherol, are 
essentially in agreement with the excellent and detailed studies of Blaxter et al. 
(6, 9-11). Possible exceptions were the negative responses to cod liver oil of 
ash content of wet tissue (or on a dry matter basis) and on phosphorus and 
magnesium contents of wet tissue, as well as the negative effects of cod liver oil 
on tocopherol content of serum and soft tissue and the positive effects of tocoph- 
erol on the tocopherol concentrations of these same tissues. Differences be- 
tween the experimental procedures and animals might explain in part these 
apparent discrepancies. For example, the present study dealt with chronic 
tocopherol deficiency produced by cod liver oil added to a whole milk diet 
containing tocopherol; whereas, in the studies of Blaxter et al. an acute 
tocopherol deficiency was probably produced due to the use of a semi-synthetic 
milk containing inappreciable tocopherol. Also, in the present study, data 
described herein refer only to calves surviving the 28-wk. supplement period ; 
whereas, the Scottish experiments comprised data from all calves, including 
those which died from cod liver oil toxicity. Thus, in the study reported herein, 
a selected group of calves possibly resistant to cod liver oil toxicity were used as 
contrasted to all calves in the latter experiments. The lack of response of 
tissue tocopherol concentration to tocopherol supplementation or the absence of 
a negative effect of cod liver oil on tissue tocopherol content observed by 
Blaxter et al., as contrasted to the responses observed herein may have, in part, 
been due to differences in analytical procedures, e.g., molecular distillation 
used in the procedure for tocopherol in this study but not in those reported 
by Blaxter et al. 

Slight heart dysfunction resulted from cod liver oil, as evidenced by longer 
electrocardiographice intervals, P-R and Q-T, as well as by an increase in the 
systolic index. Since tocopherol did not have an appreciable effect either on 
the intervals or systolic index, it would appear possible, as recently discussed 
by Adams et al. (1), that tocopherol per se may not be involved in the heart 
malfunetion. These increases in the electrocardiographic intervals due to cod 
liver oil confirm the earlier observations of Agduhr and Stenstrém (2) but not 
those of Barnes et al. (5). 

Cod liver oil accentuated the hypomagnesemia produced by the whole milk 
diet, since it caused negative responses in the concentrations of magnesium in 
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serum, heart and muscle tissue, and bone. These effects of cod liver oil were 
partially counteracted by positive responses due to the addition of tocopherol to 
the diet or to the addition of magnesium. In the case of serum and bone, the 
effects of additional magnesium were of considerably greater magnitude than 
the effects of tocopherol. While the possible explanation (29) of this lowered 
magnesium concentration of tissues due to cod liver oil is the formation of soaps 
owing to the combination of free fatty acids (formed from the hydrolysis of 
the glycerides of cod liver oil), this undoubtedly does not account for the 
activity of tocopherol in reducing the magnesium depletion of the tissues. Also, 
it does not explain either the marked increase in calcium content of the soft 
tissues due to addition of cod liver oil to the diet or the slight increases in 
ealeium content of bone. To definitely answer these points, mineral balance 
studies are undoubtedly needed; however, the results from this study would 
appear to indicate that basic relationships other than the formation of soaps 
underlie the effects of cod liver oil in depleting the body reserves of magnesium 
and its partial or complete rectification by adding either tocopherol or mag- 
nesium to the whole milk diet. 
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APPENDIX TABLE I 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on milk refusals, growth, 
seours, and terminal electrocardiographiec intervals (Lead II) of calves fed a whole milk diet * 


Treatments ” 


Mg + + + Standard 
+ + = + + deviation 
Criterion CLO = = + + per calf 


Days free of milk refusals 
%o 100.0 99.8 99.9 99.5 100.0 99.9 100.0 100.0 


Are sin V% 90.0 88.0 89.0 86.5 90.0 89.0 90.0 90.0 1.6 
Live weight ° (lb/day) 


Increase 1.41 1.37 1.38 1.19 1.43 1.35 1.64 1.44 0.12 
Adjusted 1.36 1.42 1.41 1.24 1.46 1.34 1.56 1.43 0.09 
Days free of scours 
% ae 98.0 92.5 99.1 97.4 96.4 95.9 99.4 84.8 
Are sin V% 82.1 74.9 87.3 82.5 79.3 78.8 86.8 67.4 4.3 
Heart rates * 100 98 109 108 94 100 86 102 11 
(beats/min) 
Terminal electrocardiographic intervals 
(sec.) 
P-R 0.14 0.14 0.14 0.15 0.15 0.18 0.17 0.15 0.02 
QRS 0.07 0.06 0.07 0.07 0.06 0.08 0.09 0.06 0.01 


QT 0.30 0.29 0.28 0.30 0.30 0.31 0.33 0.32 0.02 
Terminal systolic 0.371 0.374 0.375 0.395 0.375 0.406 0.398 0.420 0.021 


index ° 


“Values represent four calves per diet group. 

>— indicates absence from the diet; + indicates presence. 

©Inerease from the seventh to 203rd day (28th-wk.) on experiment. Adjusted indicates 
increase adjusted by covariance (13) for initial live weight observed on the seventh day prior 
to addition of Mg, T, or CLO to the whole milk diet. 

4 All values were obtained the 28th wk. of the supplement period adjusted by covariance 
(18) for initial values observed the week prior to addition of Mg, T, or CLO to the whole 
milk diet. 

* The ratio of the QT interval to the square root of the time in seconds for a complete 
eardiae eyele, unadjusted values. 
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APPENDIX TABLE II 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on terminal calcium, 
inorganic phosphorus, magnesium, sodium, potassium, cholesterol, tocopherol, 
carotenoids, vitamin A concentrations in serum, and on terminal whole blood 
urea concentration of calves fed a whole milk diet * 


Treatments ” 


Mg +> Standard 
4 + t deviation 
Criterion CLO — + _ + per calf 


(mg/100 ml, serum) 
Calcium 12.2 12.1 11.9 
Inorganic 

phosphorus 5 ; 8.8 8.4 9.5 9.9 
Magnesium A 25 2.29 1.03 2.79 2.60 
Sodium 330 334 334 
Potassium 20. 19.8 20.4 22.4 19.9 
Cholesterol 2 164 200 148 167 


(y/100 ml. serum) 
Tocopherol 53 951 42 632 


Carotenoids 5¢ 36 7 40 11 22 
Vitamin A 34 22 31 33 


(mg. N°/100 ml. blood ) 
Whole blood urea’ 8.1 9.0 Wa 9.4 8.0 10.6 8.6 


“Values represent four calves per diet group and were obtained the 28th wk. of the 


supplement period. 

»— indicates absence from the diet; + indicates presence. 

© Adjusted by covariance (13) for initial values obtained the day prior to the addition 
of supplements to the diet. 


82 
| 
= 
11.8 0.5 
10.5 0.6 
1 2.50 0.27 
329 8 
21.1 1.0 
; 197 39 
774 130 
21 11 
28 7 
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APPENDIX TABLE IIT 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on heart and skeletal 
muscle dry matter and ash, heart and skeletal muscle (wet basis) calcium, phosphorus, 
magnesium, sodium, potassium, creatine, nitrogen, lipid, and tocopherol 
concentrations of calves fed a whole milk diet * 


Treatments ” 


Mg Standard 
deviation 
Criterion CLO + per calf 


(g/100 g. wet tissue ) 


Dry matter 
Heart 22. 22.2 20.6 22.1 20.5 22.5 
Biceps femoris 23. 23.9 23. 22.3 23.3 21.9 23.6 
Supraspinatus . 23.0 23. 21.8 22.4 21.6 23.0 
Ash 
Heart . 1.18 12 1.11 J 1.09 
Biceps femoris 1.14 1.03 1.04 
Supraspinatus 1.08 1.00 1.02 
Nitrogen 
Heart 2. 2.87 2. 2.64 2.82 2.69 
Biceps femoris 3.17 2.95 3.18 2.92 
Supraspinatus 3.06 2.88 3.00 2.89 
Lipids 
Heart 3.02 2.89 3.28 2.60 
Supraspinatus d 1.84 50 2.47 1.56 2.06 


bo 
or 


See 


(mg/100 g. wet tissue) 


Caleium 

Heart 

Biceps femoris 

Supraspinatus 
Phosphorus 

Heart 

Biceps femoris 

Supraspinatus 
Magnesium 

Heart 

Biceps femoris 

Supraspinatus 
Sodium 

Heart 

Biceps femoris 

Supraspinatus 
Potassium 

Heart 

Biceps femoris 

Supraspinatus 
Creatine 

Heart 

Biceps femoris 

Supraspinatus 


aan sop 
DO 


90 


(log y/100 g. wet tissue) 


Tocopherol 
Heart 2.69 3.29 2.49 3.29 2.51 3.24 3.26 0.14 
Supraspinatus 2.36 2.34 3.00 2.16 2.97 2.12 2.91 2.96 0.07 


* Values represent four calves per diet group and were obtained at the completion of the 
28-wk. supplement period. 
»— jndieates absence from the diet; + indicates presence. 


n 
0.4 
0.4 
0.4 
5 0.03 
5 0.03 
8 0.02 
0 0.06 
1 0.12 
3 0.10 
2 0.30 
2 0.29 
3.2 3.0 3.4 8.9 3.6 6.0 3.1 3.2 
n 3.7 3.6 $7 5.6 3.4 5.3 ef 3.6 
3.1 3.2 3.3 5.5 2.7 4.8 3.0 2.9 
38 239 230 205 233 205 238 238 
15 216 215 184 216 186 216 219 
04 207 203 184 202 192 203 206 
26.1 26.7 25.0 20.1 25.6 21.4 26.2 25.4 
26.8 27.1 26.6 20.8 26.3 20.9 26.2 26.8 
25.9 26.7 25.6 21.3 95.1 23.2 26.1 26.4 
84 84 90 126 87 122 80 7 . 8 
60 60 61 110 60 110 60 61 8 
63 61 62 93 62 91 60 62 5 
341 345 326 306 335 297 336 356 20 
17 422 415 349 410 316 395 421 33 
375 383 374 315 361 323 379 371 20 
54 244 244 149 239 169 258 258 13 
04 398 400 292 417 276 433 420 24 
35 354 350 270 350 272 363 354 18 
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APPENDIX TABLE IV 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on several biochemical 
constituents in livers of calves fed a whole milk diet * 


Treatments ” 


Mg + + + = Standard 
+ + + + deviation 
Criterion CLO — + + + per calf 
Liver 
Weight (g.) 2,634 2,644 2,768 3,297 2,627 3,472 3,003 2,826 313 
Dry matter 26.3 26.1 26.8 25.9 26.4 25.6 26.2 27.0 0.8 
(9/100 g.) 
Creatine 72 64 63 59 63 61 59 59 7 
(mg/100 g.) 
Cholesterol 287 318 270 261 273 248 270 261 33 


(mg/100 g.) 
Lipid (9/100 9.) 3.46 3.43 3.41 3.60 3.49 3.50 3.78 3.74 0.21 


Tocopherol 


(¥/100 g.) 354 302. 188 2,847 218 2,128 1,932 
(log y/100 g.) 2.54 2.48 3.41 2.27 3.45 2.32 3.32 3.27 0.10 


Carotenoids 


(¥/100 g.) 37 37 28 5 32 6 27 24 ‘ 
(logy + 1.57 1.56 1.46 0.73 1.51 0.69 1.45 1.39 0.21 
1/100 g.) 


Vitamin A 
(y/100 g.) 1,490 1,386 1,708 6,608 2,197 6,370 28,599 27,846 - 
(log y/100 g.) 3.16 3.10 3.23 3.82 3.33 3.80 4.45 4.43 0.12 


* Values represent four calves per diet group and were obtained at the completion of 
the 28-wk. supplement period. 
»— jindieates absence from the diet; + indicates presence. 


APPENDIX TABLE V 


Effects of magnesium (Mg), tocopherol (T), and cod liver oil (CLO) on ash, calcium, and 
magnesium concentrations in bones of calves fed a whole milk diet * 


Treatments ” 


Mg _ + —_ _ + + - + Standard 
Criterion CLO — + ~ + + per calf 
(9/100 g.)° 
Ash 
Rib 56.8 58.1 56.9 58.4 57.6 57.6 57.4 56.9 1.3 
Cannon 57.6 58.6 57.8 58.8 57.6 59.4 59.3 57.0 1.9 
Tail 54.8 54.0 54.5 55.6 55.0 55.5 54.8 53.7 iz 
(g/100 g. ash )* 
Caleium 
Rib 37.40 37.26 37.39 37.73 37.08 37.21 37.52 37.34 0.21 
Cannon 37.29 37.16 37.12 37.70 37.06 37.06 37.24 37.02 0.25 
Tail 37.39 37.07 37.44 37.80 37.04 37.08 37.42 37.10 0.12 
Magnesium 
Rib 0.75 0.81 0.74 0.50 0.89 0.90 0.66 0.88 0.08 
Cannon 0.69 0.79 0.72 0.43 0.82 0.82 0.62 0.83 0.08 
Tail 0.64 0.75 0.67 0.40 0.79 0.79 0.57 0.79 0.06 


“Values represent four calves per diet group and were obtained the 28th wk. of the 
supplement period. 

*— indicates absence from the diet; + indicates presence. 

* Lipid-free basis after extraction with ethyl aleohol and petroleum ether. 
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SUMMARY 


Efficiency of nitrogen utilization was studied in four experiments involving varying 
proportions of silage and hay, comparisons of silage and freshly cut meadow crop 
(soilage), effects of grain feeding, and feeding different ratios of roughage to grain. 
Feces and urine were collected separately and nitrogen balance and milk nitrogen 
determined. In all trials, lactating cows were allowed to eat roughage ad lib. No 
differences in nitrogen efficiency or urine losses were observed in cows fed different 
proportions of hay and silage. The nitrogen utilization response from freshly cut 
forages was different from that obtained with ensiled forages. Below 15% pro- 
tein equivalent in the total ration, silage and soilage nitrogen were used with the 
same efficiency. Silage nitrogen declined in efficiency at higher levels, whereas 
soilage nitrogen was used as efficiently at the highest levels of protein equivalent measured 
as at the lowest. Adding grain to forage rations increased the efficiency of nitrogen 
utilization markedly, but increases in the grain content which raised the amount of grain 
from a 3:1 ratio of roughage to grain to a 2:1 ratio were without further effects. 


Efficiency of nitrogen utilization is of particular interest in dairy cattle 
feeding trials. Fundamentally, cost efficiency in feeding dairy cattle has been 
based on the utilization of forages as the principal sources of nitrogen and energy. 

That many dairymen were feeding higher levels of protein equivalent than 
could be used efficiently by dairy cows seemed probable, because of the continued 
trend toward increased production of high-nitrogen, more digestible roughages. 
This study was done with the present emphasis on efficiency of farm production 
in mind, in an effort to define more cleariy the nitrogen status of dairy cows 
under conditions of free choice roughage consumption. 

Practical feeding experiments and nitrogen balance studies are the common 
methods used in evaluating the protein of feeds. Feeding experiments have 
had the practical advantage of measuring the end results in terms of a salable 
product (milk). The classical studies on protein requirements were made by 
this method (5, 8, 9). However, they required a relatively long period of time 
and provided no information on the metabolism of nitrogen. 

In nitrogen balance experiments the nitrogen consumed in the feed is deter- 
mined along with the output nitrogen in the urine, feces, and milk in the case 
of lactating cows. These figures provide a measure of nitrogen metabolism and 
may be used to compute apparent digestibility and the efficiency with which 
nitrogen is used for productive purposes (4). 

Critical levels of nitrogen intake which will keep the test animal in approxi- 
mate nitrogen balance must be used when comparing the protein value of differ- 
ent kinds of feeds, and the results apply only for the physiological state of the 
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experimental animal (1). On the other hand, when protein is fed in excess of 
requirements, unused nitrogenous compounds absorbed into the blood are ex- 
creted in the urine along with catabolized tissue nitrogen (3, 9, 12). Thus, 
nitrogen excreted in the urine is a useful tool for determining when and under 
what conditions excessive losses of nitrogen occur. It thereby serves as a measure 
of nitrogen efficiency. 

In the following experiments the efficiency of nitrogen utilization and urine 

losses were studied in dairy cattle fed free choice different roughages varying in 
protein content. Other variables incorporated in this study were the amount of 
grain fed, proportion of silage to hay, and a comparison of freshly cut versus 
ensiled forage. 
EXPERIMENTAL PROCEDURES 
Apparent protein digestibility and nitrogen balance were determined in cows 
on various experimental regimes for collection periods of five or seven days. Dry 
matters were determined by oven drying, except for silage, which was determined 
by toluene distillation. The nitrogen content of the feed, feces, urine, and milk 
was determined, using the Kjeldahl procedure. In all cases fresh or refrigerated 
samples were used. Urine samples were preserved with hydrochloric acid or 
thymol. 

Feed was sampled for analysis when weighed in to each cow twice daily. 
Refused feed was weighed and sampled at the a.m. feeding for analysis. 

The quantitative collection of urine and feces, milking, and measurement of 
feed intake were carried out in the stalls usually occupied by the cows in the 
milking barn. The separate collection of urine and feces was facilitated by the 
use of rubber mats for cow beds; Sisalkraft paper strips, + by 5 ft., on which the 
feces were collected; and Gooch tubing urinals, similar to those described by 
Hansard (6), which were attached to small-mouthed metal milk pails. Urine 
collection pails were emptied twice daily. Electrical stall trainers were used to 
make the cows stand at the back of the stall for defecation. 

Experiment 1. The objective of this experiment was to determine the effi- 
ciency of nitrogen utilization when legume-grass silage and hay were fed in 
different proportions. The hay and silage were harvested from alternate strips 
of the same fields. The nitrogen metabolism studies were carried out over a 
period of 3 yr. Grain was fed throughout the experiment in proportion to the 
amount of roughage consumed (3:1 ratio). The grain concentrate ration was 
composed of 450 lb. of corn, 300 Ib. of oats, 100 Ib. of wheat bran, 50 lb. of 
soybean oil meal, and 10 lb. of salt. The proportion of silage and hay fed, 
protein content of the roughages used, and the year in which the experiments 
were conducted are shown in Table 1. 

The protein digestion and nitrogen balance trials were carried out with cows 
in their third and fourth months of lactation during the fourth, sixth, or eighth 
wk. of the 16-wk. feeding period. 

Experiment 2. The nitrogen metabolism studies in this experiment were 
carried out to obtain further data on the effects of various levels of grain feeding 
when freshly cut (soilage) or ensiled meadow crops (silage) were fed. 
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TABLE 1 


Proportions of hay and silage and protein content of the roughages fed in Experiment 1 


Protein 
Year Cows Trials Silage Hay content 


(No.) (%) 


Forage 1 
1954 
1954 
1954 


Forage 2 
1955 
1955 
1955 


Forage 3 
1956 é 100 
1956 50 
1956 é 0 


Digestion and nitrogen balance trials were carried out with Jersey cows fed 
each of the following regimes: Ration 1—Silage with no grain; Ration 2— 
silage with one-half grain; Ration 3—silage with full grain; Ration 4—-soilage 
with no grain; Ration 5—soilage with one-half grain; Ration 6—soilage with 
full grain. The cows in the one-half grain blocks were fed 0.25 lb. of grain daily 
per pound of milk over 12 lb. The cows in the full grain blocks were fed 0.5 Ib. 
of grain daily per pound of milk over 12 lb. 

Five-day digestion and nitrogen balance trials were used. In 1957, two trials 
with one cow on each ration were carried out, beginning on May 25 and June 2. 
In 1958, a series of five digestion and nitrogen balances was completed, using 
one cow on each ration and starting with May 26 and at 4-wk. intervals there- 
after through the summer. The soilage (freshly cut meadow crop) was chopped 
twice daily and sampled at the time of feeding. In the early summer, silage from 
the previous year was used, whereas the first cutting from the same year was 
used during the last part of the summer. The grain concentrate was composed 
of 66% corn and cob meal, 33% ground whole oats, and 1% iodized salt. 

Experiment 3. This experiment was done to study further effects of minimum 
amounts of grain on nitrogen efficiency in milking cows fed soilage and changes 
in nitrogen metabolism with increasing plant growth and maturity. 

Two cows were fed grain and soilage, and soilage alone was used as the control 
ration for two other cows. Grain was fed at the daily rate of 4% lb. per pound of 
milk produced above 12 Ib. daily. Three digestion trials were carried out on each 
regime during the summer feeding period. A mixture of equal parts of corn and 
cob meal and ground whole oats was used as the only grain concentrate. 

Two pairs of cows fed soilage only were used on alternate weeks to determine 
the changes in apparent protein digestion and nitrogen utilization for a 5-wk. 
period starting May 23 and on the 42-day second- and 35-third-cutting aftermath 
growths. 

Experiment 4. In this experiment the effects of. feeding of two ratios (3:1 
and 2:1) of roughage-to-grain on the efficiency of nitrogen utilization were 
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studied. Four cows which had been adjusted to legume-grass silage feeding over 
a 2-mo. period were divided into groups of two and fed either a 3:1 or 2:1 ratio 
of roughage to grain. After a 2-wk. preliminary period, the first of two digestion 
and nitrogen balance trials was begun. The legume-grass silage, predominantly 
alfalfa, had been ensiled after wilting. The amount of silage fed was varied 
according to the appetite of the individual cows, and the amount of grain fed 
within each group was adjusted daily to maintain a constant ratio of forage 
(dry basis) to grain. The only exception was that the quantity of silage and 
grain fed were held constant during the feces collection periods. Later, second- 
cutting alfalfa hay in early-bloom stage was used to replace all of the legume- 
grass silage in the ration, but the two ratios of hay to grain (3:1 and 2:1) were 
maintained. The digestion and nitrogen balance trials were conducted during 
the first and fifth week after alfalfa hay feeding was initiated. 

The grain ration fed in both experiments was composed of 450 lb. of corn, 300 
lb. of oats, 100 lb. of wheat bran, 50 lb. of soybean oil meal, 10 lb. of salt, and 
10 lb. of bone meal. 
RESULTS AND DISCUSSION 


No notable differences in nitrogen efficiency or urine losses were observed in 
cows fed different proportions of hay and silage (Table 2). However, as will be 
noted later, differences would not be expected at the levels of protein used (11.6 
to 14.8% total protein). The low apparent protein digestibility obtained in the 
third trial with the all-silage group was attributed to the high dry matter content 
of the silage (37 to 47%). Excessive heating caused some browning and ap- 
parently rendered the nitrogen less available. 


TABLE 2 


Efficiency of nitrogen utilization in dairy cows fed various proportions of legume-grass hay 
and silage containing different percentages of total protein * 


Efficiency of nitro- 
gen utilization ” 


Silage: Protein Protein Urine Nitrogen Milk pro- 
hay ratio Trials inration digested nitrogen balance duction Milk Total 
(%) (No.) (%) (g/day) (lb/day) (%) 
Trial 1 
100:0 3 11.6 64.3 33.5 6.7 21.4 42.6 30.4 
80:20 3 11.6 64.1 36.0 10.4 20.3 36.1 28.2 
50:50 3 11.6 63.0 37.7 3.0 22.0 38.8 25.3 
Trial 2 
50:50 4 13.6 68.2 45.1 1.8 27.7 37.6 23.8 
20:80 + 13.7 69.4 42.7 2.7 26.6 36.9 26.1 
0:100 + 13.7 64.4 44.2 —20.5 31.6 42.6 22.9 


Trial 3 
100:0 2 14.8 56.4 30.2 22.1 21.6 37.4 29.4 
50:50 4 14.5 63.8 28.0 48.7 32.5 33.6 35.7 
0:100 2 14.2 69.9 39.5 23.8 21.9 31.5 30.6 


“Grain fed in proportion to roughage consumed; 3:1 ratio of roughage (dry basis) to 
grain fed. 
Intake N —(urine N + feeal N) Milk N 


» Total nitrogen efficiency = , Milk efficiency = ———_——— 
Intake N Absorbed N 
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Results of the silage vs. soilage experiments are summarized (Table 3). The 
data obtained in Experiment 3 using soilage only are presented also (Table 4). 
Nitrogen was used, in most cases, more efficiently when fed as soilage than as 
silage (Table 3). This is illustrated in a seattergram (Figure 1), in which total 
nitrogen efficiency obtained from individual nitrogen balances was plotted against 
the total protein equivalent of the ration. Forty-one trials in which silage was 
the only roughage fed are compared with 41 other trials in which soilage was fed. 
In no case were trials included in which the grain fed contributed more than 
17% of the nitrogen. Thus, despite a variability in time of harvesting the two 
types of roughage, the 41 individual trials used are considered sufficient to be 
indicative of the general population of cows fed soilage and silage. As would 
be expected, the range in per cent of total protein in the soilage extended both 
lower and higher than was found in the ensiled forages, harvested at a time 
approximately optimum yield. 

Silage nitrogen was used most efficiently when the content was below 15% 
total protein in the ration. Above this level efficiency dropped off sharply in the 
same way that efficiency has been shown to decline when the total protein content 
of the ration was raised by increasing the amount of protein concentrates (9). 
In contrast, nitrogen of legume-grass soilage was used at optimum efficiency at 
ali protein levels measured up to 24.6%. This is of marked nutritional impor- 
tance, since it is reflected both as additional yield in milk nitrogen and as retained 
nitrogen. The possibility exists that this difference in nitrogen utilization between 


Nitrogen Utilization in Day Cows Fed Freshly-cut and Ensiled Meadow Grops 
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Fig. 1. The efficiency of nitrogen utilization in dairy cows expressed as per cent of nitrogen 
intake utilized for milk production and nitrogen retention. The upper chart shows nitrogen 
efficiency for 41 individual trials when soilage (freshly cut meadow crop) was fed, and lower 
chart shows 41 individual trials in which silage (ensiled meadow crop) was fed. 
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TABLE 6 


Multiple regression analysis." Regression coefficients for independent effects of digestible dry 
matter intake, stage of lactation, nitrogen intake, and grain on milk nitrogen, 
urine nitrogen, and efficiency 


Dry matter Lactation stage Nitrogen Grain ” Mean 
(1b/1,000) (days) (1b.) (i) 
SOILAGE 
Mean (X) 20.96 109.49 yf 49% 
Milk N (lb.) 0013 —.000344 0452 .0263 15 
Urine N (lb.) —.000023 .2917** —.0531* -28 
Efficiency (%) 832 021 2.433 31.5 


SILAGE 
Mean (X) 17.09 116.46 55 81% 
Milk N (lb.) .0018 —.000049 .1062** .0139 12 
Urine N (/b.) 000076 ** 21 
Efficiency (%) 1.616** —.004 —31 470°" 5.353 26.5 


“ ** Significant at .01—* Significant at .05. 
"Grain present = 1, absent = 0. 


silage and soilage reflected a difference in the nitrogen metabolism of the rumen 
caused by the high nonprotein nitrogen content of the meadow crop silage or, 
possibly, in the observed difference in types of rumen microorganisms found in 
the two groups of cattle (2). 

The results presented (Table 3) show that cows fed freshly cut meadow 
crops stored very high amounts of nitrogen, even though they were in the early 
stages of lactation, in comparison with silage-fed cows. This higher nitrogen 
storage coincided with increased body weight gains. The physiological impor- 
tance to the cow of replenishing the nitrogen lost through tissue catabolism 
during the early part of lactation merits further attention. 

Grain added to the all-forage rations increased efficiency of nitrogen utiliza- 
tion markedly while decreasing urine losses (Tables 3 and 4). It is noteworthy 
that grain additions (ground corn and oats) tended to have a nonlinear effect. 
That is, addition of a small amount of grain effected a large increase in nitrogen 
efficiency but further additions failed to cause further increases. For example, 
cows fed at the one-half and one-fourth grain level, where grain intake ranged 
from 8 to 23% of the total dry matter, utilized nitrogen as well as cows fed the 
full amount of grain. Furthermore, the results of Experiment 4 (Table 5) show 
that nitrogen utilization for all nitrogen uses including milk production was 
equally as efficient in cows fed a 3:1 ratio of roughage to grain as in cows fed 
a 2:1 ratio. 

A statistical study of the data was made to determine what effect each of 
various known variables had on nitrogen metabolism. The independent effects on 
milk nitrogen, urine nitrogen, and efficiency of stage of lactation, rate of feed 
intake (digestible dry matter per 1,000 lb. of body weight), total nitrogen intake, 
grain feeding (presence or absence), and type of forage used were assessed by 
computing a multiple regression on the silage and soilage data separately. The 
means and regression coefficients are shown (Table 6). It will be noted that, 
independent of the grain effect, the variations in dry matter consumed by cows 
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fed soilage had no significant effect on nitrogen utilization, whereas the dry 
matter consumed by the silage-fed cows was related to marked differences in 
efficiency (P < .01) and yield of milk nitrogen (P < .05). An explanation of 
this difference is seen by referring to the means of the digestible dry matter in- 
takes. Twenty-one pounds of digestible dry matter per 1,000 lb. of body weight 
were consumed on the average by the cows fed soilage compared to 17 lb. when 
silage was fed. It is apparent, as others have observed (7, 13), that the cows fed 
silage failed to consume optimum amounts of roughage. This, in turn, limited the 
amount of energy available to utilize nitrogen and in some cases caused the cows 
to draw from their body tissue to the extent of throwing them into negative bal- 
ance (Table 3). The differences in the effect on nitrogen utilization of soilage and 
silage, however, were not limited to dry matter intake. A difference in grain 
response to the two types of forage was noted (Table 6). Grain is shown to 
enhance the efficiency of nitrogen utilization independent of, or over and above, 
its effect on adding to the dry matter consumed. In the soilage-fed cows this 
effect was marked and highly significant, whereas with the silage-fed cows the 
effect was slight, nonsignificant, and could not be separated from the contribu- 
tion it made through increasing the dry matter intake. This suggests that grain 
feeding may have two separate effects on nitrogen utilization, depending on the 
type and quantity of roughage consumed. First, increased efficiency may result 
from grain adding to the energy increment by augmenting the dry matter con- 
sumption and, secondly, by enhancing nitrogen utilization if the cows are already 
consuming maximum quantities of roughage energy. 

In confirmation of Figure 1, a highly significant decline in the efficiency of 
nitrogen utilization in silage-fed cows receiving increasing levels of nitrogen is 
shown (Table 6). Essentially no relationship existed between amount of nitro- 
gen intake and efficiency in cows fed soilage. As the nitrogen intake increased, 
urine nitrogen in the group fed silage increased twice the rate found for the 
soilage-fed group. 

Apart from grain feeding, the multiple regression analyses (Table 6) showed 
that the variability in digestible dry matter intake was unrelated to efficiency 
within the group of soilage-fed cows. Maximum efficiency was obtained with 
grain feeding. In consideration of these two observations, and the general axiom 
that energy intake is positively related to nitrogen retention (11), the data from 
the animals in Experiment 2 were expanded, using the trials where simultaneous 
comparisons were made between soilage and silage. The total of productively 
used nitrogen, the amount retained plus milk nitrogen, was plotted against each 
cow’s rate of energy intake in terms of digestible dry matter per 1,000 lb. of 
body weight (Figure 2). These data indicate that increased digestible dry 
matter intake also increased markedly the amount of nitrogen utilized daily by 
soilage-fed cows, even though the efficiency with which it was used remained 
relatively constant. 

As shown in Figure 2, and pointed out in the foregoing discussions, the 
nitrogen-utilization-response from roughages fed as freshly cut forages is vastly 
different from that obtained with ensiled forages. Thus, at the highest level of 
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Gry Matter Intake and Nitrogen Utilization 
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Fig. 2. The amount of nitrogen used by dairy cows at varying levels of dry matter intake 
with both silage and soilage when roughage consumption was voluntary. 


digestible dry matter intake, the nitrogen in soilage was used most efficiently 
per unit of dry matter intake, whereas at the medium and lowest levels of 
digestible dry matter intake silage nitrogen was used most efficiently. This 
difference in nitrogen response in relation to digestible dry matter intake, 
reflected in the regression lines presented in Figure 2, offers a plausible explana- 
tion for the marked difference found among experiment station workers in 
comparative response of cows to hay and silage dry matter for milk production. 
For example, Stone et al. (15) and Kirsh and Jantzon (10) have found that 
ensiling enhanced both efficiency of dry matter utilization and milk production. 
Secondly, Pratt and Conrad (13) found efficiency of dry matter utilization to 
be inereased in silage-fed cows compared to hay-fed animals, but total dry 
matter intake was less, resulting in approximately the same milk production. 
Thirdly, Hillman et al. (7) showed that the efficiency of dry matter utilization 
was highest for the silage-fed cows, but milk production was reduced by silage 
feeding. 
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Two points stand out in the practical application of these results. First, 
silage nitrogen was used most efficiently below 15% protein equivalent in the 
total ration and declined at higher levels of protein. Secondly, young cut forage 
fed as soilage was the most useful source of nitrogen studied, in that it was more 
efficiently used at higher protein levels than silage and at the same time allowed 
the cows to consume more digestible dry matter than was possible during silage 


feeding. 
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GENETIC FACTORS AFFECTING CONCEPTION RATE AND 
EARLY PREGNANCY LOSS IN HOLSTEIN CATTLE! 
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Departments of Genetics and Dairy Husbandry, University of Wisconsin, 
and Dairy Cattle Research Branch, USDA, Madison 


SUMMARY 


Conception rate from first insemination and pregnancy loss to 152 days post- 
insemination were studied in 181 heifers and 346 parous cows. The effect of the sire line 
of the dam and system of mating of the embryo were studied in both groups and, in 
addition, the effect of season of birth on their conception rate was studied in the heifers. 
Adjustments were made to remove any effect of season of previous calving and parity on 
conception rate in the cows. Conception rate in the heifers was affected significantly by 
the season of birth and the interaction of sire line with the system of mating (P<0.05). In 
the cows, conception rate was affected significantly by the sire line (P<0.01) and the 
interaction of sire line with the system of mating (P<0.05). The over-all adjusted con- 
ception rate in the heifers was 63.6% as compared to 55.3% in the parous cows. 

Pregnancy loss was not affected significantly (P>0.05) by either sire line or system 
of mating in the heifers, but the latter had a significant effect (P<0.05) on pregnancy 
loss in the cows. Higher coneeption rates were found in the systems of mating in which 
the potential embryo was outbred than those in which the potential embryo was inbred; 
whereas, pregnancy loss was greater in the systems of mating in which the dam was inbred 
than those in which the dam was outbred. This was true in both heifers and cows where 
the over-all losses were 2.5% in the heifers as compared to 13.0% in the cows. 


The increased use of artificial insemination has made it possible to follow some 
selected lines of breeding. Presumably, this has led to some inbreeding and line- 
crossing, depending upon the plan or system of mating followed. Whether sire 
line or system of mating affects conception rate and pregnancy loss appreciably 
may be of considerable importance in selecting a mating plan. Woodward and 
Graves (16) reported a tendency for services per conception to increase as 
inbreeding was increased in a grade Holstein herd. Squires et al. (12) found 
significantly less embryonic death to 25 days in crossbred gilts than in one 
outbred and three inbred parental strains. 

The heritability studies of breeding efficiency have not given consistent 
results. Studies by Dunbar and Henderson (3), Legates (8), and Pou et al. (9) 
reported heritabilities near zero, whereas Wilcox et al. (15) reported a herita- 
bility of 0.32 for calving interval and number of parturitions. Breeding 
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efticiences of cow families ranging from 40 to 92% conception rate were reported 
by Seath et al. (10). Trimberger and Davis (14) found differences in cow 
families and sire families for conception rate ranging from 1.17 to 2.25 services 
per conception. Tabler et al. (13) reported no significant differences in breeding 
efficiencies among 19 cow families for services per conception, days from calving 
to first breeding, or days from first breeding to conception. 

The object of the present study was to determine the effects of sire line and 
system of mating on conception rate and pregnaney loss to 152 days post- 
breeding in an experimental breeding herd. 


MATERIALS AND METHODS 


The data for this report were obtained between December 21, 1949, and 
December 20, 1955, from the Holstein-Friesian cows in the Emmons Blaine, Jr. 
Experimental Herd at Lake Mills, Wisconsin. A preliminary study of part of 
these same data was made by Hawk ef al. (4), with the emphasis being placed 
on the effect of sire differences and inbreeding on estimated embryonic loss. The 
herd consists of six unrelated sire lines with four systems of mating, as was 
outlined in that report. 

The sire line refers to the line of breeding of the sire of the cow (dam), and 
the system of mating refers to the genetic makeup of the potential embryo or 
fetus. The symbols used to designate the systems of mating are as follows: 
O0-O, outbred embryo—outbred dam; O-I, outbred embryo—inbred dam; 1-0, 
inbred embryo—outbred dam; and I-I, inbred embryo—inbred dam. In the 
statistical analyses, sire lines were considered to be representative of the Holstein 
population and thus treated as a random variable, while system of mating was 
considered as a fixed variable. 

The data on heifers and parous cows were analyzed separately. Insufficient 
numbers of I-O matings occurred in the heifers during the time covered by this 
study ; therefore, only three systems of mating are represented in the heifer data. 
The average inbreeding coefficients of the heifers in the O-I and I-I systems of 
mating were 27 and 23%, respectively, while the average inbreeding coefficient 
of the potential offspring in the I-I system of mating was 34%. The average 
inbreeding coefficients of the cows in the O-I and I-I systems of mating were 25 
and 24%, respectively, with the average inbreeding coefficients of the potential 
offspring in the I-O and I-I systems of mating, 22 and 32%, respectively. 

All animals were on a regular rectal palpation schedule as outlined by 
Kidder et al. (6). The standard procedures for culling cows from the herd were 
described by Buch ef al. (2) and management practices responsible for main- 
taining environment as constant as possible were described by Buch et al. (1). 

Conception rates were based on results of the first insemination of the service 
period. In the heifers, this insemination was at the first estrus on or after 15 mo. 
of age and, in parous cows, at the first estrus of each service period after 75 days 
postpartum, provided their reproductive organs were in a satisfactory breeding 
condition as determined by rectal palpation. The results of an insemination 
were determined by rectal palpation at 35-41 days post-insemination. The 
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presence of uterine contents, including palpable membranous material, was 
considered as evidence of conception. 

The presence or absence of uterine contents was coded as 1 or 0, respectively. 
The analysis of variance for uterine contents in the heifers was made by the 
method of fitting constants (5). In the cows, it was made by the method of 
unweighted means (11), after adjusting to remove the effect of parity and 
season of calving. 

The season of birth as used in the heifer analysis refers to the season in which 
the heifer was born: winter, December 21—March 20; spring, March 21—June 20; 
summer, June 21—September 20; fall, September 21—-December 20. 

Pregnancy loss was based on pregnancies that were diagnosed at 35-41 days 
post-insemination, In heifers, all diagnosed pregnancies that were lost by a 
heifer before one was carried at least 151 days contributed to a per cent loss as 
follows : res y = i 100 = per cent loss in heifer service period where L equalled the 
number of pregnancies lost before one was carried at least 151 days. This was 
done to prevent undue emphasis on any particular animal (some heifers lost as 
many as three pregnancies before carrying one or being culled from the herd). 

In the parous cows, pregnancy loss was restricted to whether a cow lost 
or carried the first diagnosed pregnancy of her service period as follows: 

L+C 
periods in which the first pregnancy was lost and C the number in which it was 
carried at least 151 days. Thus, a cow could not lose more pregnancies than she 
had service periods. 

In both heifers and cows, the percentage values were transformed to angles 
and the analysis of variance was made on the unweighted means of the angles 
for the lines and systems of mating. 


100 = per cent loss in parous cows where LZ equalled the number of service 


RESULTS 


Conception rate in heifers. The 181 first-service animals had an adjusted 
conception rate of 63.6%. From the analysis of variance (Table 1), season of 
birth of the heifer and the interaction of sire-line of the heifer with the system 
of mating of the potential embryo affected significantly the chance that a heifer 
would conceive to the first insemination. A multiple range test (7) for the effect 


TABLE 1 
Analysis of varianee of heifers having uterine contents from first insemination 
by method of fitting constants 


Source A Error term 


Season of birth 

Sire line (L) 

System of mating (S) 
Lxs 

Residual interaction (R) 
Within subelass (W) 


*P<0.05. 
"Composed of the mean squares of the possible interactions involving season. 


M.S. 
3 R 0.82" 
5 w 0.18 
2 Lxs 0.62 
10 Ww 0.36" 
44 0.27" 
| 116 0.19 
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TABLE 2 


Multiple range test for season of birth of adjusted percentages of heifers having 
uterine contents from first insemination 


Season of birth ................. 2 Summer Spring Winter Fall 


Adjusted mean percentage 48.8 52.4 70.8 82.3 


Nore: Any two means underscored by the same line are not significantly different from 
each other at the 0.05 level of probability. 


of season (Table 2) showed a significantly higher (P<0.05) conception rate in 
fall-born heifers (82.3%) than in spring- (52.4%) or summer-born (48.8% 
heifers. Winter-born heifers had a conception rate that was intermediate 
(70.8% ) and did not differ significantly from the other groups. 

Illustration of the effect of the interaction of sire line with system of mating 
on conception in these heifers is presented in Table 3. Within the system of 
mating the sire line percentages had ranges of 17.4 for the O-I heifers and 73.3 
for the I-I heifers. Within the sire-lines the system of mating percentages had 
ranges varying from 13.2 (Line 2) to 74.8 (Line 1). 

Conception rate in parous cows. The 346 cows having service periods as 
parous individuals had a total of 513 first inseminations of the service period 


TABLE 3 
Adjusted percentages of heifers having uterine contents from first insemination 
Lines 
Systems 1 2 3 + 5 6 Av. Range 

0-0 92.2 65.7 81.0 56.5 53.7 66.7 69.3 38.5 
0-1 77.8 60.4 64.3 73.5 75.6 73.5 70.8 17.4 
I-I 17.4 73.6 90.7 36.6 45.0 40.7 50.7 73.3 
Av. 62.5 66.6 78.7 55.5 58.1 60.3 63.6 

Range 74.8 13.2 26.4 36.9 30.6 32.8 


with an adjusted conception rate of 55.3%. The analysis of variance (Table 4) 
showed a significant (P<0.05) interaction of sire line with the system of mating, 
as well as a significant (P<0.01) sire line effect. Table 5 illustrates the effect 
of this interaction on conception rate in these animals. Within the O-O system 
of mating the sire line percentages had a range of 30.3, whereas within the three 


TABLE 4 


Analysis of variance of unweighted means of parous cows having uterine contents 
from first insemination of the service period 


Source D.F. M.S. 
Sire line (L) 5 
System of mating (S) 3 1.27 
15 


Between cows 


*P<0.05. 
0.02; 
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TABLE 5 
Adjusted percentages of parous cows having uterine contents from first 
insemination of the service period 


Lines 


Systems 1 2 3 4 5 6 Av. Range 


0-0 77.6 74.2 61.9 57.3 30.3 
O-T 48.1 76.8 91.5 53.4 38.4 58.3 61.1 53.1 
[-O 36.1 62.6 74.9 56.3 61.5 29.3 53.4 45.6 
[-I 21.9 13.4 61.4 30.2 63.0 47.5 39.6 49.6 
Av. 46.8 57.6 75.5 50.4 53.4 48.1 55.3 

Range 59.0 64.2 30.1 31.7 24.6 29.0 


other systems this range was from 45.6 to 53.1. Within the sire lines the range 
for system of mating percentages varied from 24.6 (Line 5) to 64.2 (Line 2). 

Diagnosed pregnancy loss in heifers. The 181 heifers lost a total of 24 of the 
198 diagnosed pregnancies. The analysis of variance in Table 6 showed that 
neither sire line nor system of mating had a significant effect on pregnancy loss 
in these animals. There is, however, a slight trend for an increase in loss for the 
inbred matings (Table 7, 1.3 and 2.1% for the O-I and I-I matings, respectively, 
as compared to 0.7% for the O-O matings). The over-all value of 1.3% would 
indicate the pregnancy loss in heifers to be relatively low. 

Diagnosed pregnancy loss in parous cows, The 346 cows lost a total of 84 of 
the 494 first diagnosed pregnancies of their service periods. The analysis of 
variance showed the system of mating, but not the sire line, to affect pregnancy 
loss significantly. The greater losses (26.5 and 19.4% for the O-I and I-I matings, 
respectively) occurred in the matings in which the dam was an inbred, as com- 
pared to the matings in which the dam was an outbred (6.2 and 5.1% for the 
O-O and I-O matings, respectively). A further analysis on the combined un- 
weighted means of the O-O with the I-O systems of mating (outbred dams) and 
the O-I with the I-I systems of mating (inbred dams) showed a significant 


TABLE 6 
Analysis of variance of heifers losing diagnosed pregnancies before 152 days 
post-insemination by method of unweighted means 


D.F. 


MS. 


Source 


Sire line (L) 5 210 
System (S) 2 175 
LxXs 10 426 


Between heifers 161 395 


TABLE 7 


Heifers losing diagnosed pregnancies before 152 days post-insemination 
(pereentages retransformed from angles) 


Lines 


Systems 


100 
: | 1 2 3 4 5 6° Ay. 
0-0 0.8 0.0 2.7 5.7 0.8 0.0 0.7 
O-I 0.5 2.4 0.0 1.7 0.0 10.9 1.3 
L-I 3.8 0.6 4.9 0.0 12 6.7 21 
Ay. 0.7 0.6 1.7 1.5 0.4 3.9 1.3 
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TABLE 8 


Analysis of variance of parous cows losing diagnosed pregnancies before 152 days 
post-insemination by method of unweighted means 


Source D.F. MAS. 
Sire line (L) 5 1,756 
System of mating (S) 3 4,914* 
15 981 


Between cows 316 1,448 
*P<0.05. 


TABLE 9 


Parous cows losing diagnosed pregnancies before 152 days post-insemination 
(percentages retransformed from angles) 


Lines 


Systems 1 2 3 4 5 6 Av. 


- 5.2 12.7 4.4 2.5 
O-1 16.3 20.6 25.6 6.7 85.4 14.6 26.5 
I-O 6.7 1.7 1.5 4.0 9.2 10.8 5.1 
I-I 19.6 29.2 9.6 8.4 34.6 20.6 19.4 
Av. 11.2 14.1 8.4 7.1 30.5 224 13.0 


difference in pregnancy loss between these two groups. Thus, it does not appear 
that the inbreeding of the fetus is an important factor in pregnancy loss during 
the stage of gestation studied, whereas the inbreeding of the dam may have a 
considerable effect. 


DISCUSSION 


Any factor affecting conception rate as used in this study either is interfering 
with the processes involved in fertilization or is causing embryonic death before 
such a time that an embryo or membranes would be detected at the pregnancy 
examination 35-41 days after insemination. Factors responsible for loss of 
pregnancies diagnosed as positive (although they might be abnormal) would be 
manifesting their effects by the animal returning to estrus or abortirig before 
152 days post-insemination. Thus, this study should disclose whether there is a 
differential effect of the factors studied on prenatal development prior to the 
pregnancy examination or subsequent to it. 

Conception rate in both heifers and cows was affected significantly by the 
interaction of sire line with system of mating and, in addition, the main effect 
of sire line was significant in the cows. This would suggest the presence of 
different amounts of nonadditive gene action among the lines on conception 
rate in both heifers and cows, plus additive gene differences among the lines in 
the cows. 

Pregnancy loss was affected significantly by the system of mating in cows, 
but was not affected significantly by any of the factors studied in the heifers. 
This would suggest the presence of nonadditive gene action on pregnancy loss 
in the cows, without evidence of the amounts differing in the various lines. 

The magnitude of the effect of system of mating on pregnancy loss in cows 
was greater in the systems in which the dam was inbred (26.5 and 19.4% for the 
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O-I and I-I matings, respectively) than those in which the dam was outbred (6.2 
and 5.1% for the O-O and I-O matings, respectively ). 

This was not the case in conception rate. For heifers the matings in which 
the potential embryo was outbred, the conception rate was about the same (69.3 
and 70.8% for the O-O and O-I matings, respectively), as compared to 50.7% in 
the matings in which both potential embryo and dam were inbred (I-I). There 
was a similar trend in cows. The matings in which the potential embryo was 
outbred had higher conception rates (67.1 and 61.1% for the O-O and O-I 
matings, respectively) than those in which the potential embryo was inbred 
(53.4 and 39.6% for the I-O and I-I matings, respectively ). 

Thus, there is an indication that inbreeding of the potential embryo is more 
detrimental to the fertilization processes and/or early embryonic death than the 
inbreeding of the dam, whereas later embryonic and fetal loss are affected 
more by the inbreeding of the dam than by the inbreeding of the embryo or fetus. 

From the over-all values, it appeared that conception rate from first insemi- 
nation was somewhat higher in heifers than in cows (63.6 vs. 55.3% ). However, 
when a comparison was made only in the outbred matings, the values were essen- 
tially the same (69.3 vs. 67.1%, for the heifers and cows, respectively). The 
lesser over-all value in the cows than in the heifers appeared to be due to the 
greater depression of conception rate in the I-I cows than in the I-I heifers. Also, 
the presence of the I-O system of mating in cows, which was not included in the 
heifers, was a contributing factor. Thus, the effect of inbreeding on lowering 
conception rate appears to increase following the heifer service period. 

Pregnancy loss also was increased more by inbreeding in cows than in heifers. 
There was a greater loss in each system of mating represented in cows than in 
its counterpart represented in heifers. The difference between O-O and I-I in 
heifers was i.4%, whereas in cows it was 13.2%. The over-all means were 13.0% 
for cows and 2.5% for heifers when both were calculated on the basis of first 
diagnosed pregnancy of the service period. 

The significant effect of season of birth of a heifer on conception to first 
insemination may be due to season of a critical growth stage, season of insemina- 
tion, or any other confounded factor, since these animals were bred at a constant 
age which could induce seasonal variations in all aspects of development from 
birth to conception. 
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PART LACTATIONS. I. AGE-CORRECTION FACTORS FOR MONTULY 
MILK FAT YIELDS 


8S. R. SEARLE 


New Zealand Dairy Board, Wellington, and Department of Animal Husbandry, 
Cornell University, Ithaca, New York 


SUMMARY 


Age-correction factors are developed for monthly milk fat yields of dairy cows in New 
Zealand. The first test month of the lactation is taken into account, because in any calendar 
month cows are at different stages of lactation as well as at different ages. The factors 
obtained decrease as lactation progresses, indicating that in the later part of lactation the 
production of young cows is very similar to that of mature ones. This is probably due to 
the poor environment at this time of year masking the age differences. The factors for 
2-yr.-olds differ greatly according to the first test month, but this effect is not apparent in 
the 3- and 4-yr.-olds, which vary little and are close to the factors for lactation production. 

Factors are also presented for correcting for age and first test month simultaneously, 
so that monthly reeords of cows calving in different months can be grouped together. The 
means of records corrected by these factors show that longer-milking cows give greater 
yields not only because of being milked longer but also because they produced more each 
month. Cows starting lactation at a high level had, on average, longer lactations than those 
starting at a low level of production. 


Age-correction factors are required for records of cows of different ages 
when making comparisons between cows, or using records for analytical studies 
to estimate genetic parameters. Such factors have been established on many 
occasions for lactation yields (1, 3, 4, 5, 9, 10), but no reports have been found 
of faetors for individual monthly yields. Madden ect al. (7) used correction 
factors that had been derived from 305-day lactation yields, and found they 
were ‘‘fairly suitable for correcting the center months but were in error for 
the extreme months.’’ This paper presents factors that have been developed 
for Jersey cows in New Zealand to correct monthly milk fat yields for age. 
Factors are also developed for age and the cow’s first month on test, so that the 
monthly records of cows calving at different times can be grouped together for 
statistical analyses to estimate genetic parameters of monthly production. 
These analyses will be reported subsequently. 


PREPARATION OF DATA 


Monthly records were collected for all cows in herds with some artificially 
bred daughters in production during the 1956-1957 and 1957-1958 dairy seasons. 
The records collected were the milk fat percentage and milk fat yield obtained 
from regular herd-testing figures, the combination of an evening’s and morn- 
ing’s milking. The butterfat yield was calculated to the nearest 1 lb. from the 
butterfat percentage and the milk yield multiplied by 30 to bring it to a monthly 
equivalent. Only herds that were predominantly Jersey or Jersey-crossbred 
cows were included, and the cows of other breeds were omitted from these. 
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Dairying is seasonal in New Zealand, with most cows calving in the spring 
months of July and August, so that ages are recorded to the nearest year only. 
The study was confined to cows aged 2-9 yr., those in the 5- to 9-yr.-old age group 
being considered as mature, as in (2) and (9). Herd testing starts in August 
each dairy season and cows first tested later than December were excluded, as 
were any that milked less than 100 days. 

Sometimes a month’s herd testing figures are missed from a cow’s records. 
Such missing values were filled in by interpolation from the previous and suc- 
ceeding months’ figures. Values missing for the first month were inserted by 
extrapolation from the second month; 102% of the milk fat percentage and 
92% of the butterfat yield, when the second month was September; 96 and 
88%, respectively, for later months, these being gross comparison factors de- 
rived from the 1956-1957 data. Cows were omitted if more than 1 mo.’s missing 
values had to be replaced. 

A general description of the data is given in Table 1, showing the lactation 


TABLE 1 
Lactation averages (pounds milk fat) 


1956-7 1957-8 


No. of No. of 
cows cows 


3,625 3,610 
3,073 3,296 
2,171 2,761 
7,015 7,051 
Number of cows: 15,884 16,718 
Number of herds: 258 270 


averages (pounds of milk fat) for the 32,602 cows in the complete study. The 
generally higher level of production in 1957-1958 compared to 1956-1957 as 
reported in (8), is reflected in this Table. The lactation yields were computed 
by adding the monthly yields, using a proportional amount of the first month’s 
figures to cover the days from calving to 15 days after the test day. Drying-off 
dates are not recorded in New Zealand and the figures obtained in the last test 
period count for a whole month. Lactations exceeding 305 days were reduced 
to this length by deducting a proportion of the last month’s production. 


LACTATION LENGTH 


Herd testing in each dairy season runs from August through May for 
the majority of herds in New Zealand and this is the period for which milk 
fat yields were studied. The mean lactation length of all cows tested 100 
days or more is approximately 256 days (8), so there were many lactations 
shorter than 305 days. Consequently, there are not the same number of 
records in each calendar month. Furthermore, records in any calendar 
month are of different lactation months according to the cows’ calving dates. 
The lactations were, therefore, grouped according to the first month on test. 
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TABLE 2 
Number of records in each calendar month 


Cows first Lactations Number of records in 
tested in No. % Nov. Dee. Jan. Feb. Mar. Apr. May 


August 18,697 57 18,659 18,514 18,312 17,944 17,307 15,677 8,716 
September 9,128 28 9,120 9,054 948 8,712 8,162 5,932 
October 3,326 10 3,320 : 3,238 3,101 2,389 
November 1,159 + 1,137 1,078 852 
December 292 1 292 280 211 

Total 32,602 100 


The number of records for each lactation month for these groups is given in 
Table 2. This shows that 57% of the lactations are from cows first tested in 
August, 28% from those first tested in September, and 10% from those first 
tested in October, a total of 95% first tested earlier than November, corre- 
sponding approximately to 94% cows calving by October 15 as reported in (8). 

The figures in Table 3 are those of Table 2 grouped according to the age of 


TABLE 3 
Distribution of records according to age, first month tested, and calendar month 


Cows 
Age of first No. of Per cent with records in 
cow tested lactations Dee. Jan. Feb. Mar. Apr. 


( yr.) 


Aug. 4,394 99 99 ¢ 93 
Sept. 2,020 99 97 95 
Oct. 573 97 


Aug. 3,670 9¢ 98 
Sept. 1,750 99 
Oct. 643 


Aug. 2,815 98 
Sept. 1,362 99 
Oct. 531 


Aug. 7,818 98 
Sept. 3,996 
Oct. 1,579 
All ages Aug. 18,697 
Sept. 9,128 
Oct. 3,326 


the cow. The groups first tested in November and December constituted such 
a small fraction (5%) of the sample that no further use was made of them. 
Table 3 shows the number of records each month as a percentage of the total 
in its group. Of those first tested in August, 51% of the 2-yr.-olds were milked 
in May, but only 45% of the older cows, indicating the higher persistency of 
young stock. These percentages also show that persistency is affected by the 
first month on test. For example, 93% of all August-starters were still being 
milked in their eighth month, March, whereas only 72% of the October-starters 
reached 8 mo., into May. The seasonal effects of the late summer and autumn 
had reduced the percentage milking for as long as 8 mo. when starting on test 
in October. This was true in all age groups. 
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May | 
89 67 
83 71 
3 95 90 81 45 
97 94 86 62 
99 97 93 71 
a 4 96 93 83 45 
aa 98 95 89 67 
: 98 95 75 
‘ 96 93 84 46 
: 99 96 91 65 
98 93 71 
96 93 84 47 
98 95 89 65 : 
; 99 97 93 72 
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TABLE 4 
Lactation production according to first month on test 


First month on test 


August September October All 3 months 


(yr.) Mean milk fat (lb.) 
2 288 279 247 282 
3 312 310 293 310 
4 340 333 320 336 
5-9 351 347 324 347 
Multiplicative age-correction factors 
2 1.22 1.25 1.31 1.23 
3 1.12 1.12 1.10 1.12 
+ 1.03 1.04 1.01 1.03 


LACTATION AVERAGES 


The top section of Table 4 shows the mean lactation milk fat produc- 
tion grouped according to the cow’s age and its first month on test (August, 
September, or October). The average production is also shown for the age 
groups regardless of first month on test. The greatest drop in production 
associated with late calving is in the 2-yr.-olds, the August-starters aver- 
aging 288 lb. and the October-starters 247 lb. The 3- and 4-yr.-olds show 
only half this drop, and the 5- to 9-yr.-olds starting in October gave 27 lb. less 
than those starting in August. Variations in lactation length may partly ac- 
count for these differences, because September- and October-starting cows can 
not have the long lactation available to August-starting cows, since all lacta- 
tions are taken as ending in May. 

Multiplicative age-correction factors evaluated by the gross comparison 
method from a body of contemporary records, Method A of Lush and Shrode 
(6), are of the form 


mean yield of mature cows 


mean vield of young cows 


These factors for lactation yield are shown in the lower section of Table 4. The 
effect of first month on test is negligible for the 3- and 4-yr.-olds, but for the 
2-yr.-olds the factors increase with later starting; i.e., the age correction for 
2-yr.-olds to bring them up to the level of mature cows is greater for cows 
starting on test in October (1.31) than for those starting in August (1.22). 
This is beeause the difference between October- and August-starting cows 
is greater for 2-yr.-olds than for mature cows. Age-correction factors are, 
therefore, greater. The factors for all 3 mo. combined are almost identical to 
those being used at present (9). They are similar to the factors for August- 
starting cows, these being more than 60% of the sample (Table 3). 


MONTHLY AVERAGES 


The average milk fat yield each month is shown in Table 5, grouped 
according to the cow’s age and first month on test. These are averages 
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TABLE 5 
Average monthly production 


First Monthly yield (pounds milk fat) 
month 
on test Aug. Sept. Oct. Nov. Dee. Jan. Feb. 


Aug. 35 37 
Sept. 34 39 
Oct. 4039 


Aug. 40 40 38 
Sept. 40 47 42 
Oct. 48 46 


Aug. pad 43 41 
Sept. 44 48 45 
Oct. 5 53 50 


Aug. 45 45 43 
Sept. 45 50047 
Oct. 


COWS FIRST TESTED AUGUST 
SEPTEMBER 
OCTOBER 


4 


SEPT. OCT. FEB. MAR. 
Fig. 1. Monthly milk fat production of mature cows (5- to 9-yr.-olds). 


over the 2 years 1956-1957 and 1957-1957. The values for each year sep- 
arately followed the same pattern as these, 1957-1958 being greater than 
1956-1957, as indicated in Table 1. The lactation curves for the mature cows 
in Table 5 are shown in Figure 1; curves for the other ages are similar to these. 

These monthly averages follow the well-known pattern of lactation curves, 
although at a lower level of production than that reported by Madden et al. (7). 
The peak of production is the third month of lactation for cows first tested in 
August, and the second month for September- and October-starting cows. This 
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; 35 30 27 26 22 
= 35 30 27 27 23 
3 35 29 27 25 21 
q 39 33 29 27 23 
42 35 32 29 24 
4 37 31 28 26 21 
41 35 31 29 23 
45 39 34 31 
5-9 39 32) 29 26 21 
43 37 33 29 24 
46 39 35 33 26 
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corresponds with the good feed supply available in October and November, 
due to the spring flush of pasture. The later-starting cows are higher in pro- 
duction each month than the early-starting ones, throughout the whole lactation. 
This is because in each calendar month the September- and October-starting 
cows are at earlier stages of their lactations than the August-starters and in 
the first few months of lactation they are starting lactation with a better supply 
of feed. The older cows have higher yields than the young ones over most of 
the lactation, but by May this age difference is greatly reduced, although the 
difference due to first month on test still remains. There is a noticeable drop 
in production from January to February for all cows, less for the 2-yr.-olds 
than the mature cows. The later a cow started on test the larger the fall in 
production, i.e., the nearer the peak of production is to February, the larger 
is the fall in production. This probably arises from the shortage of feed at this 
time, when temporary drought conditions may occur and grass growth is re- 
tarded. As the autumn progresses through March and April into May, produc- 
tion declines still further but at a slower rate. 

These averages are based on differing numbers of cows; namely, the cows 
on test in each particular month. Thus, the 21-lb. average in May of the 5- to 
9-yr.-olds first tested in August is the average of 46% of the 7,818 lactations 
in that eategory (Table 3), i.e., of 3,573 records. 


CORRELATION FACTORS 


(1) For age. The first month on test had to be taken into account when age- 
correcting monthly records, because in any calendar month cows are at different 
stages of lactation as well as at different ages. The factors were calculated on 
a within starting-month basis so that both the young and the mature cows con- 
tributing to a factor were at the same stage of lactation. For example, in 
October the August-starting cows are in their third month of lactation and the 
2-yr.-olds among them were compared with the October production of the 
August-starting mature cows; i.e., the multiplicative age-correction factor for 
the October production of 2-yr.-olds starting in September is 

mean October yield of mature cows starting in September 

mean October yield of 2-yr.-olds starting in September 

= 51/39, from Table 5, 

= 1.30. 
Factors caleulated this way for the August-, September-, and October-starting 
cows in each age group are shown in Table 6. These factors have been taken to 
two decimal places; in use they are applied to monthly productions recorded 
to the nearest pound of fat. With the average monthly fat yield being about 
44 lb. it takes a difference of 0.02 in a factor to cause a difference of 1 lb. of 
fat in a corrected record. A monthly yield is approximately 10% of a yearly 
yield, so that taking the standard deviation of yearly yields as 60 lb. that of 
monthly yields is approximately 6 lb. Therefore, a difference of 1 lb. of fat 
in a corrected monthly record caused by a difference of 0.02 in a correction 
factor is negligible. Bearing this in mind, this table shows: 
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TABLE 6 
Multiplicative age-correction factors for monthly milk fat yields 


First Age-correction factor 
Ageof month 
cow on test Aug. Sept. Oct. Nov. Dee. Jan. Feb. Mar. 


= 


(yr.) 
2 Aug. i 1.30 
Sept. 1.32 

Oct. 


Aug. 
Sept. 
Oct. 


Aug. 
Sept. 
Oct. 


1.18 1.15 
1.22 1.20 
1.29 1.28 
112 1.10 
1.12 
1.10 1.10 


1.03 1.02 
1.04 1.04 
1.01 1.01 


1.23 
1.27 
1.34 
1.12 
1.11 
1.11 


1.04 
1.05 
1.01 


on 
tone 


OHH 
SSS wists 
SoS HHH wivis 
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Or 


(a) As lactation progresses the factors decrease, getting very close to 1.00 
in the later months, indicating that in the later part of lactation the production 
of young cows is very similar to that of mature ones. This can probably be 
ascribed to the poor environment in April and May, masking the age differences. 

(b) The factors for the last part of a 2-yr.-old’s lactation are less than those 
for a 3-yr.-old at the start of lactation. This is in line with well known higher 
persistency of 2-yr.-olds compared with mature cows and consequent similarity 
to them at the end of lactation; when starting the next lactation, as 3-yr.-olds, 
age differences are again apparent and the correction factor, therefore, exceeds 
that at the end of the 2-yr.-old’s lactation. 

It is interesting to speculate on what this means in terms of the effects of 
the dry period following the 2-yr.-old lactation. A mature cow is building up 
condition for calving and the next lactation during the dry period, whereas a 
2-yr.-old is also growing and undergoing body development. This would appear 
to contribute less towards the next lactation than the rebuilding of condition, 
particularly in New Zealand, where 2-yr.-olds usually finish out their lactations 
in relatively low condition. This is seldom fully recovered before calving, 
apparently because some of the dry period benefits are going towards growth 
and development. Hence, the young cows at the start of their 3-yr.-old lactation 
appear lower in production relative to the mature cows than they did at the 
end of their 2-yr.-old lactation. Accordingly, the correction factor for the first 
part of a 3-yr.-old’s lactation exceeds that for the end of a 2-yr.-old’s lactation. 

(ec) The factors for the 2-yr.-olds differ greatly according to the month of 
starting on test, but this effect is not apparent in the 3- and 4-yr.-olds. 

(d) The factors for the 3- and 4-yr.-olds do not vary greatly from month 
to month, and are mostly fairly close to the factors for lactation production in 
Table 4. However, the factors for the 2-yr.-olds vary quite considerably from 
the 1.23 for lactation yield. Using this for the monthly yields would under- 
correct the early months and over-correct the late ones, but be more or less 
correct for the center months as suggested by Madden et al. (7). 

(2) For age and first month on test. Statistical analyses of monthly yields 
would have to be done on each first-month-on-test group separately if the records 
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were age-corrected by the above factors. The age-corrected records could not 
be combined by calendar months because this would combine records made in 
different lactation months. Likewise, the data could not be combined by 
lactation months because this would put records together that were made in 
different calendar months. Hence, factors were developed to correct the records 
for both age and calendar month simultaneously. All records were corrected 
lactation month by lactation month up to the level of the mature cows that 
started in August. This meant that corrections were made to mature cows 
starting in September and October, as well as to the young cows. For example, 
the multiplicative correction factor to correct the October production of 2-yr.- 
olds starting in September is 


mean September yield, of mature cows, starting in August 

mean October yield, of 2-yr.-olds, starting in September 

= 45/39 from Table 5, 

= 1.15. 
October is the second lactation month of the September-starting 2-yr.-olds, so 
these records were corrected up to the level of the second lactation month of 
the August-starting mature cows, which is September. These multiplicative 
factors are shown in Table 7. The following comments arise from Table 7: 


TABLE 7 
Multiplicative factors to correct monthly milk fat yields for age of cow and first month on test 


First Correction factor for age and first month on test 
Ageof month 
cow on test Aug. Sept. Oct. Nov. Dee. Jan. Feb. Mar. Apr. May 


(yr.) 

2 1.00 
1.18 
1.31 


1.01 
1.13 
1.23 


99 
1.14 
1.16 


1.08 
1.11 


1.20 
1.22 


Aug. 36 3 1.27 1.23 1 
1 
0 1.28 
2 
6 
2 


Sept. 2 1.14 1.18 
Oct. 


moun 


9 
9 


BRE 


1.12 
1.10 
1.08 


Aug. 4 1.05 
Sept. 00 =1.03 
Oct. 94 1.00 


Sept. 95 .99 
Oct. d 91 97 


Sept. 
Oct. 


sl 
0 
0 


1 

1 

1 
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1 

1 

1 


oe 
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(a) The factors are affected by the cow’s first month on test, as would be 
expected, since they are designed to correct for this effect as well as age. 

(b) The factors for the August-starting young cows are pure age-correction 
factors (as in Table 6) and they follow a decreasing trend as lactation continues. 
The factors for the September- and October-starting cows show no such trend. 
The factors for the mature cows correct for calendar month alone. 

(ec) Many of the factors are less than 1.00, indicating that the actual records 
have to be reduced to correct them to the level of mature cows starting in 
August. This is because later-starting cows begin their lactations in better con- 
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dition than early-starting ones and so their monthly yields are higher when 
compared on a lactation month basis. 

The purpose of these factors is to correct monthly yields for age and calen- 
dar month so that records of all cows can be combined on a lactation month 
basis for statistical analyses. Hence, for example, the November yield of a 
2-yr.-old starting in August would be multiplied by 1.23 and the December 
yield of a 3-yr.-old starting in September would be multiplied by 1.06; the 
corrected records would be records in the fourth lactation month, corrected 
for age and calendar month. The correction factors have the effect of bringing 
records up to the level of 5- to 9-yr.-old cows first tested in August. 


TABLE 8 


Rate of change of monthly yield of 2-yr.-olds, and of mature cows starting in August; 
monthly yield as a percentage of that of previous month 


First Calendar month of record 


month 
Age tested Sept. Oct. Nov. Dee. Jan. Feb. Mar. Apr. May 
(yr.) 
2 Aug. 111 106 100 96 92 85 92 96 85 
Sept. 115 101 95 93 86 91 96 85 
Oct. 107 97 91 86 90 97 85 
5-9 Aug. 106 104 97 94 91 84 89 89 80 


Some explanation of the trends in these factors can be gained from Table 8, 
which shows the rate of change in monthly production for 2-yr.-olds, and mature 
cows starting on test in August. These figures are the proportion which the 
yield in each month bears to that of the preceding month. At the start of 
lactation monthly yields are increasing (percentages greater than 100) and the 
proportional increases in yield, month to month, of the 2-yr.-olds are more than 
those of the mature cows. In the later stages of lactation monthly yields are 
decreasing and the proportional decreases in the 2-yr.-olds, month to month, 
are less than those in the mature cows. This causes the correction factors for 
the 2-yr.-olds commencing in August to decrease steadily. In effect, the 2-yr.-old 
is more persistent than the mature cow; both are affected by the deteriorating 
environment at the end of the season, but this shows up more in the mature 
cows than in the 2-yr.-olds, which produce progressively more like the mature 
cows at the end of lactation. 

The factors for the September-starting cows are calculated by comparing 
the 2-yr.-olds’ yields with those made by the mature cows one calendar month 
earlier. As with August-starting cows, the big increase in the 2-yr.-olds from 
first to second month of lactation leads to a decrease in the multiplicative factor. 
But, as the lactation progresses, the worsening environment is encountered a 
month earlier in lactation than with the August-starters, and the proportional 
drop in lactation from month to month is larger than with the mature cows of 
the previous month, so that the multiplicative factor increases over the third, 
fourth, and fifth months. However, at the end of the lactation the 2-yr.-old is 
once again producing more like a mature cow, the effect of September-starting 
has worn off, and the correction factor decreases. 
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The same trends occur in the factors for the 2-yr.-olds starting in October 
and, generally speaking, the 3-yr.-olds and 4-yr.-olds behave in a similar manner. 


USE OF FACTORS 


Correction factors should be used on data other than those from which 
they are developed. The data were insufficient in this study to develop factors 
from one half for use on the other half, so they were caleulated from, and 
then applied to, all the data. The multiplicative factors were converted to 


TABLE 9 
Mean corrected record according to number of months tested 


No. of 
months 
tested 7 8 


Mean corrected record in lactation month 


23 
28 
30 


—— IO MONTHS ON TEST. 


4 


+ NUMBER OF COWS: 119 


4 indi 


2 3 4 


LACTATION MONTH 


Fic. 2. Lactation curves according to number of mantn on test; monthly milk fat 
yields corrected for age and first month on test. 


4 119 32 30 30 26 
5 176 33 32 32 30 25 
6 360 37 36 36 34 30 24 
7 992 39 39 42 40 37 31 23 
8 3,206 41 42 45 43 41 36 30 . 
9 6,058 42 44 46 45 43 39 33 23 
10 4,242 42 44 47 47 45 41 35 27 21 
Ib. FAT 
o— 8 “ 
48 
° Pes 
a ™ 
28 + : 
\ 
\ : 
24 ‘ 
20 176 360 992 3206 6056 4242 


114 S. R. SEARLE 


herd-level factors by the method outlined in (9) ; namely, 
herd level factor = 1—1/(multiplicative factor). 


The corrected herd average for each lactation month was calculated as 

T 
N- jij 
where T is the total actual production in the herd for that lactation month and 
N the number of cows, and nj, and p,; are the number of cows and herd-level 
correction factor, respectively, appropriate to i-yr.-olds first tested in month 
j, j being August, September, or October. The additive correction for the nj; 
eows is then p,h. The lactation yields were corrected for age by the herd-level 
factors 0.23, 0.13, and 0.03 in regular use (9). 

The means of the corrected monthly records for 1956-1957 are shown in 
Table 9, the cows being grouped according to the number of months on test. 
The corrected records in a lactation month, from which calendar month effects 
have been eliminated, increase as the number of months tested increases, showing 
that longer-milking cows give greater yields not only because of being milked 
longer but also because they produce more each month. This is seen clearly in 
Figure 2, which shows the lactation curves drawn from Table 9. Generally 
speaking, cows that start off as high producers give greater yields each month 
aad dry off later than the cows that start their lactations at a low level of 
production. 
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INTERRELATIONSHIPS BETWEEN CERTAIN MEASUREMENTS OF 
EXTERNAL BODY FORM, INTERNAL ANATOMY, 
AND FAT PRODUCTION 


T. HEIDHUES,’ W. W. SWETT, anp C. A. KIDDY 


Dairy Cattle Research Branch, Animal Husbandry Research Division, USDA 
Beltsville, Maryland 


SUMMARY 


Correlations between butterfat production and certain measurements of external body 
form were calculated from data on 216 first-lactation Holstein cows in the Beltsville herd. 
The correlations between production and cross-section areas of chest or paunch were 
lower, in most cases, than those between production and other chest or paunch measure- 
ments. They were 0.18 between production and area of chest and 0.23 between production 
and area of paunch. Measurements most highly correlated with production were body 
length (0.31), height at withers (0.35), and depth of paunch (0.36). Multiple correlation 
coefficients between different sets of measurements and fat production did not exceed 
0.40. 

Measurements of external and internal anatomy were studied on 146 Holstein cows 
that had been measured before and after slaughter. Depth of chest was significantly cor- 
related with internal chest depth (0.69), heart weight (0.57), and lung weight (0.32) ; 
depth of paunch with liver weight (0.48), stomach weight (0.38), length of small intestines 
(0.31), length of large intestines (0.37), and length of total intestines (0.36). Height at 
withers showed significant correlations with heart weight (0.50) and lung weight (0.28) ; 
body length with heart weight (0.49) and length of intestines (0.34). Partial correlations, 
with empty body weight held constant, showed that the correlations between certain 
external and internal measurements were a result of the common association with body 
weight. 

The relationship between size of internal organs and fat production was studied on 115 
Holstein cows. Correlations were significant only in the case of length of large intestines 
(0.29) and length of total intestines (0.25). The correlation between depth of paunch 
and butterfat production was partitioned into a direct component and a component con- 
tributed by the association between depth of paunch and organs of the digestive tract. 
The contribution of the direct path from depth of paunch to fat production amounted to 
at least 35% of the total correlation. The findings do not support a general supposition 
that correlations between external body measurements and production are a result of 
interrelationships with size of internal organs. 


Many workers have investigated associations between body measurements and 
milk or butterfat production in dairy cattle. A large number of measurements 
have been studied and the literature on this subject has been reviewed by 
Heidhues (2) and Johnson (3). Results to date indicate that there are positive 
associations between milk or fat production and certain body measurements 
such as height at withers, body length, and head length. The present analysis 
was made to determine: (1) the associations between cross-section area of chest 
and paunch and fat production, (2) the multiple correlations between groups 
of body measurements and fat production, and (3) the interrelationships between 
external measurements, internal anatomy, and fat production. 

Description of data. The data for this analysis were obtained over a period 
of 28 yr. in the Holstein-Friesian herd at Beltsville. This herd was maintained 
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for a breeding project to investigate the genetic gain in production that might 
be made by the use of out-breeding with proved sires. Occasionally, sons of these 
sires were produced and used in the herd. Sires were selected with chief emphasis 
on butterfat production. Selection of the cows on the basis of production was 
avoided, Insofar as possible, uniform environmental conditions were maintained 
over the years. 

About 30 body measurements were taken routinely at different ages, one of 
which was 3 mo. after first calving. Also, a large number of animals were 
measured shortly before slaughter (ante-mortem). Internal measurements were 
taken on these animals after slaughter (post-mortem). In addition to the cross- 
section areas of chest and paunch, several other external measurements were used 
in this study. These were selected from measurements having the highest cor- 
relations with production as reported in other studies. They included body 
weight ; height at withers; depth, width, and circumference of chest; depth and 
circumference of paunch; body length (withers to pinbones), and length from 
withers to hips. Contours of chest and paunch were obtained by carefully fitting 
a flexible, rubber-covered lead bar to fit the shape of the animal. From this bar 
the contour lines were drawn on a sheet of paper, and the areas included in the 
drawings were measured with a planimeter (7). 

Body capacity is emphasized in dairy cattle judging as an indication of 
producing ability. Therefore, the sum of both cross-section areas was taken as 
an estimate of body capacity, and the correlation with fat production was 
calculated. In another analysis, body length from withers to hips was taken into 
account in addition to the cross-section areas, and body capacity was calculated as 


area of chest + area of paunch 
9 


xX length withers to hips. 


Only those post-mortem measurements which could be assumed to be associ- 
ated with the external measurements used were selected for this study. This was 
necessary because it was not feasible to include all of the measurements that 
were taken. Those selected were depth of thoracic cavity at the seventh vertebra, 
width of thoracic cavity at the sixth rib, heart weight, lung weight, liver weight, 
stomach weight, length of large intestines, length of small intestines, length of 
total intestines, and empty body weight. Empty body weight was calculated as 
the difference between the weight immediately before slaughter and the weight 
of the contents of stomach and intestines. 

All animals with measurements of the cross-section areas of chest and paunch 
and a first-lactation butterfat record were used for this analysis. The cows were 
divided into three groups according to degree of inbreeding. The first group 
was outbred animals, the second group was inbred animals with inbreeding 
coefficients of 12.5% or less, and the third group was animals with inbreeding 
coefficients exceeding 12.5%. These groups will be referred to as O, I), and Ie, 
respectively. The correlation coefficients for these groups were transformed to 
z values, weighted for degrees of freedom within groups, and tested for differ- 
ences between them. Since no significant differences were found, the correlations 


were combined into a common estimate (5). 
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TABLE 1 


Means, standard deviations, and coefficients of variation for butterfat production 
and various body measurements 


Coefficient 
Standard of 
deviation variation 


to 


Butterfat production (lb.)* 
Depth of chest (cm.)* 

Depth of paunch (cm.)* 

Height at withers (cm.)* 

Body length (cm.)* 

Length withers to hips (cm.)* 
Depth of thoracie cavity (em.)” 
Width of thoracie cavity (em.)” 
Area of chest (sq. em.)* 

Area of paunch (sq. cm.)* 
Cireumference of chest (cm.)* 
Cireumferenece of paunch (cm.)* 
Body weight (lb.)* 

Empty body weight (Ib.)” 
Liver weight (lb.)” 

Length of small intestines (m.)” 
Length of large intestines (m.)” 
Length of total intestines (m.)” 
Stomach weight (lb.)” 

Lung weight (lb.)” 

Heart weight (Jb.)” 


c= 


mio 


Kr Oe w 


“ Obtained on first-lactation animals. 

® Obtained from animals in post-mortem group. 

Results and discussion. Means, standard deviations, and coefficients of vari- 
ation for production and measurements are shown in Table 1. The variation in 
butterfat production is considerably greater than in any of the measurements. 
Three groups of body measurements may be considered. The first onc includes 
height, length, and depth measurements, which are indicators of skeletal size. 
The variation of these items is relatively small as compared to the other measure- 
ments, The second group is comprised of measurements largely influenced by 
the condition of the animals, i.e., body weight and cross-section’ areas of chest 
and paunch. The third group, internal organs, has the greatest variability. 

Phenotypic correlations. Correlations between first-lactation, 3 x 365-day 
actual records and external body measurements were calculated on a within sire, 
within year basis. The measurements were taken approximately 3 mo. after first 
calving. When the data were arranged in these subgroups, 216 animals were 
available with 152 in the O group, 40 in I;, and 24 in Ig. Seventeen sires were 
represented and the total number of subgroups was 55. Production records were 
not adjusted to a single age since there was no feasible way to adjust the body 
measurements for age differences. Also, there was little variation in age at first 
calving; 180 of the 216 animals were between 23 and 28 mo. old at first calving. 
The correlations are given in Table 2. Those between the cross-section areas and 
production generally are lower than the correlations between circumference and 
depth of chest or paunch and production. Therefore, these areas are less useful 
than other chest or paunch measurements in estimating producing ability. 
Furthermore, the correlations between cross-section areas and the respective 
cireumferences were high, being 0.93 between cross-section area and cireumfer- 


| 
Mean 
498 2 
70 
72 
134 
136 
92 
48.9 
32.4 
2,301 194 
3,707 329 
187 6.8 
225 9.2 
1,170 106 
1,101 156 1 
15.9 1 
48.3 
13.0 10.0 
61.3 8.8 
37.6 14.1 
9.2 14.1 
4.9 12.2 
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TABLE 2 
Correlations between body measurements and butterfat production 


Measurements r 


Cross-section area of chest 0.18* 
Cross-section area of paunch 0.23** 
Circumference of chest 0.23** 
Depth of chest 0.24** 
Circumference of paunch 0.22** 
Depth of paunch 0.36** 
Height at withers 0.35** 
Body length 0.31** 
Length, withers to hips 0.28** 
Body weight 0.22** 
Body capacity (area of chest + area of paunch) 0.22** 
area of chest + area of paunch 


Body capacity 


length, withers to 0.28** 


* P<0.05. 
or 


ence of chest, and 0.98 between cross-section area and circumference of paunch. 
The correlations between other body measurements and production were com- 
parable to those obtained by Johnson (3) from a different sample of the same 
herd. 

Body weight has been used frequently as a measure of size. However, it may 
be affected considerably by the condition of the animal. On the other hand, 
measurements of skeletal size, such as height at withers and body length, are 
hardly influenced by condition. The skeletal measurements are, therefore, con- 
sidered more suitable as size measurements. On this basis, body size showed a 
fairly high correlation with fat production. The association between body 
capacity and fat production was not as high as between fat production and 
some of the other measurements. 

Multiple correlation analyses. Cross-section areas of chest and paunch, body 
length (withers to pinbones), length from withers to hips, height at withers, 
and body weight were used in various multiple correlation analyses (1) with 
production as the dependent variable. The muitiple correlation coefficients 
were compared with simple correlations between fat production and individual 
measurements, to determine whether such combinations of measurements were 
more closely associated with production than were single measurements. The 
results are presented in Table 3. 

The standard partial regression coefficients of production on height at withers 
were all positive and significantly different from zero. When cross-section area 
of chest or body length was added to height at withers the multiple correlation 
coefficients only slightly exceeded the simple correlation between production and 
height at withers alone. The results of the analysis involving height at withers 
and body weight were interesting in that, within this system, the standard 
partial regression coefficient of production on weight was essentially zero. This 
indicated that the correlation found between weight and production (0.22) can 
be attributed mainly to the association between weight and height at withers. 

The multiple correlation coefficient between height at withers, body length, 
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and cross-section area of paunch as independent variables and production as 
the dependent variable was slightly higher than any of the correlations, including 
only two independent variables. 

The analysis involving the cross-section areas of chest and paunch and length 
from withers to hips was a further effort to determine the association between 
body capacity and fat production. The multiple correlation coefficient was only 
slightly larger than the correlation between production and calculated body 
capacity (0.31 vs. 0.28). The multiple correlation, however, was still smaller 
than the correlation between production and some individual measurements. 

Two measurements of skeletal size, height at withers and body length (withers 
to pinbones), were used in addition to the three measurements representing 
body capacity. The resulting multiple correlation coefficient was 0.40 as com- 
pared to 0.31. The standard partial regression coefficients, however, indicated 
that height at withers accounted for most of the variation in production which 
was accounted for by this set of variables. Also, the correlation was not higher 
than the one involving height at withers, body length, and area of paunch. 

Since correlations between different body measurements are shown to be 
high (3, 9, 10), it is not surprising to find that multiple correlation coefficients 
between fat production and combinations of measurements do not exceed the 
simple correlation coefficients to any considerable degree. 

Internal measurements in relation to external measurements and fat pro- 
duction. The correlations between external and internal measurements were 


TABLE 4 
Simple and partial correlations between various external and internal measurements 


Partial 
Correlation correlation 
Relationship coefficient coefficient * 


Cross-section area of chest and heart weight +0.43** +0.04 
Cross-section area of chest and lung weight —0.03 —0.15 
Depth of chest and depth of thoracie cavity +0.69** +0.63** 
Depth of chest and heart weight +0.57°* +0.38** 
Depth of chest and lung weight +0.32** +0.40** 
Width of chest and width of thoracic cavity +0.37** +0.17 
Cross-section area of paunch and liver weight +0.32** +0.09 
Cross-section area of paunch and stomach weight +0.34** +0.41** 
Cross-section area of paunch and length small intestines +0.16 +0.13 
Cross-section area of paunch and length large intestines +0.19* +0.12 
Cross-section area of paunch and length total intestines +0.19* +0.14 
Depth of paunch and liver weight +0.48** +0.34** 
Depth of paunch and stomach weight +0.38** +0.43** 
Depth of paunch and length small intestines +0.81** +0.31** 
Depth of paunch and length large intestines +0.37** +0.35** 
Depth of paunch and length total intestines +0.36** +0.35** 
Height at withers and heart weight +0.50** +0.34** 
Height at withers and lung weight +0.28** +0.29** 
Height at withers and length total intestines +0.09 +0.02 
Body length and heart weight +0.49** +0.32**" 
Body length and lung weight +0.21" +0.20" 
Body length and total intestines +0.34** +0.22” 


“Empty body weight held constant. 
Outbred animals only. 
*P<0.05. 

P< 0.01. 
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calculated on a within sire, within age group basis and weighted for mating 
systems (O, I;, I,). The cows could be grouped into two age classes, 3 to 5 yr. 
and 5 yr. and older, without losing too many degrees of freedom. One hundred 
and forty-six animals were included with 97 in O, 30 in I,, and 19 in Ip. There 
were 31 subgroups with daughters of 22 sires. The results are given in Table 4. 

It is likely that the simple correlations between body parts are biased upward, 
since the sample contained animals of varying skeletal size and condition. 
Furthermore, empty body weight was found to be significantly correlated with 
all external measurements (0.43 to 0.86), with depth and width of thoracic 
cavity, and with heart weight and liver weight. The correlations with lung 
weight, stomach weight, and length of intestines were small and not significantly 
different from zero. Since empty body weight is influenced by size and condi- 
tion, an attempt was made to minimize the effect of size and condition by 
holding empty body weight constant. This was done by calculating partial 
correlations with empty body weight held constant. These are shown in Table 4. 

Depth of chest was the only one of the chest measurements studied which 
provided some indication of the size of the thoracic cavity, and which also was 
positively associated with heart and lung weight. The cross-section area of the 
chest showed no relationship to lung weight, whereas the highly significant 
correlation with heart weight was a consequence of the influence of body weight 
on both of the measurements. The same applied for the relaticnship between 
external width and width of thoracic cavity. 

The data show that depth of paunch may be regarded as a fairly good 
indication of the size of some organs of the digestive tract, such as stomach, 
small, large, and total intestines, and liver. The correlations between depth of 
paunch and weight or length of these organs were practically independent of 
body weight. The correlations between cross-section area of paunch and the 
internal organs were mostly lower (0.16 to 0.34) than was found for depth of 
paunch. 

Height at withers was significantly correlated with heart and lung weight, 
with partial correlations remaining highly significant. However, it was not 
correlated with length of intestines. Body length was significantly correlated 
with heart weight and length of intestines. The correlation with lung weight 
approached significance. These correlations refer to outbred animals only. 
There were significant differences between the correlation coefficients for the 
outbred group and the inbred groups when body length was involved. The 
correlations for the three groups (O, I), Is), therefore, could not be combined 
into a common estimate and the results are given for the outbred group only. 

The correlations between fat production and internal measurements were 
calculated within year, sire and age-group subclasses, and weighted for different 
systems of mating. The age-at-slaughter classes were 3 to 4, 4 to 5, and 5 yr. 
and older. First-lactation production records, adjusted to 2 X, 305-day, mature 
equivalent were used. The analysis included 115 animals, 83 in the O group, 
22 in I,, and 10 in Ig. The number of subgroups was 44, and 19 sires were 
represented. 

The only significant correlations were between production and length of 
large intestines (0.29) and length of total intestines (0.25). The correlations 
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between production and length of small intestines (0.22), stomach weight (0.20), 
liver weight (0.23), and depth of thoracic cavity (0.20) approached significance 
at the 5% level of probability. Heart and lung weight failed to show significant 
correlations with production. 

Previous work concerning internal anatomy usually did not include analyses 
of associations between size of internal organs and production (6, 7, 8). The 
present data indicate that slight associations exist between production and the 
size of certain organs of the digestive tract. 

Path coefficient analysis—external body measurements and production. This 
study was made to determine if correlations between external measurements 
and fat production resulted from the fact that both were correlated with the 
size of internal organs. Path coefficients (4, 12) were used to partition the 
correlations to find the relative importance of direct and indirect paths of 
influence. All correlations between external and internal measurements, and 
between internal measurements and production, were examined for possible 
contributions to the correlations between external measurements and production. 
If the correlation between an external and an internal measurement or the 
correlation between the respective internal measurement and fat production 
was not significant, the association of the external measurement with production 
could not be attributed to its association with the internal measurement. 

Among the correlations available only that between depth of paunch and 
production could be linked with interrelationships with internal measurements. 
These were length of intestines, liver weight, and stomach weight. All of these 
were significantly correlated with depth of paunch, and length of intestines was 
significantly correlated with production. The correlations between production 
and stomach weight, liver weight, and depth of paunch approached significance. 
The correlation between depth of paunch and production was separated into a 
direct path of influence from depth of paunch to production and into compound 
paths via the internal organs (Figure 1). The relative magnitude of the contri- 
bution of the direct path to the correlation between depth of paunch and 
butterfat production can be measured by the ratio of the respective path 
coefficient to the total correlation. 

The within sire, year, and age-group phenotypic correlations weighted for 
mating systems (O, I,, I:) were used. The correlations between internal measure- 
ments and production were obtained with extremely small numbers of animals 
in the inbred groups. Some of the correlations turned out to be considerably 
different for outbred and inbred groups. Though these differences were not 
statistically significant, they were large enough to cause some concern. There- 
fore, a second analysis of associations between depth of paunch and production 
was made in which the same variables were included, but only the correlations 
for the outbred group were used. The results of these analyses are presented in 
Table 5. 

The correlations between depth of paunch and fat production for the group 
ineluding all animals (0.20) was smaller than it was for the outbred group 
(0.28). The path coefficients from depth of paunch to production ranked in 
the same order. Partitioning the correlation between depth of paunch and 
production into a direct path and the sum of the compound paths through the 
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Relative contr‘but‘on of the direct path 


Fig. 1. Path coefficient diagram indicating association between fat production (Y), depth 
of paunch (X1), liver weight (X2), stomach weight (Xs), and length of intestines (X,). 


association with liver weight, stomach weight, and length of intestines, gave 
different results for the two analyses. Considering the outbred animals only, 
75% of the correlation between depth of paunch and production could be 
attributed to the direct influence of depth of paunch on production. The 
remainder was made up by the sum of the compound paths. On the other hand, 
the percentage of the correlation accounted for by the direct path was only 35% 
for the group with all animals included. 


TABLE 5 


Correlations and path coefficients between butterfat production and four 
external and internal measurements 


Correlations Path coefficients 


Relationship II” 17? 


Production and depth of paunch 0.20 0.07 0.21 
Production and liver weight 0.22 0.24 0.08 0.13 
Production and stomach weight 0.20 0.18 0.08 0.01 
Production and length of intestines 0.25 0.16 0.08 


=all animals included. 
» II = outbred animals only. 
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Some of the correlations used in obtaining these results did not quite reach 
significance at the 5% level of probability. Also, the path coefficients from the 
different measurements to production were not significantly different from zero. 
Therefore, care should be exercised in drawing conclusions from these results. 
It seems reasonable, however, to conclude that at least 25%, and possibly more, 
of the correlation between depth of paunch and fat production can be attributed 
to the association of depth of paunch with the size of internal organs. 


CONCLUSIONS 

The results of this analysis indicate that the external and internal body 
measurements studied account for only small portions of the variation in fat 
production. The measurements of the cross-section areas of chest and paunch 
do not seem to offer any advantages in predicting production over other common 
measurements which are more easily obtained. 

A general supposition that external body conformation is an indicator of 
producing ability because of associations with internal organs and their inter- 
relationships with production is not supported by the present findings. Among 
the correlations between external measurements and production analyzed in this 
study there is no evidence for interrelationships of this kind for measurements 
other than depth of paunch. 
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SUMMARY 


Red Sindhis were crossed with Jerseys at three stations as an approach in developing 
dairy cattle adaptable to the southern United States. The production records of 180 cows 
in the crossbred groups of 34 J, 4J, F,, F:, and 14 J were compared to their purebred 
Jersey stable-mates or contemporaries. 

All the crossbred groups were lower in milk and fat yield, but tested slightly higher 
than their Jersey stable-mates. Level of milk and fat yield, length of lactation, persistency 
of milk yield, and feed efficiency decreased significantly as the proportion of Sindhi 
inheritance increased. The differences in production among the crosses at the three stations 
were almost directly proportional to the level of the Jersey stable-mates. Adjustment for 
length of lactation did not change the rank of the crossbred groups and was not the only 
cause of differences among breed groups. 

Jerseys produced significantly more milk and fat than their maternal crossbred sisters 
sired by Sindhi and F, males, but were not significantly different from their purebred 
Jersey stable-mates. 

Differences among crossbred groups were more important than sire differences within 
groups. Also, little improvement in the production, relative to their Jersey stable-mates, 
was shown in selected second lactations as compared to first lactation. Certain other 
characteristics exhibited by the crosses, i.e., temperament, rate of milking, udder char- 
acteristics, and eating habits, appeared to impair their usefulness as dairy animals. 

The results of this study show no advantage of the Red Sindhi-Jersey crossbreds over 
purebred Jerseys in dairy characteristics under conditions prevailing at three locations. 


The Red Sindhi is one of the numerous breeds of Zebu cattle found in India 
and Pakistan. Strains of this breed have been developed which have higher 
inherent milk-producing ability than is characteristic of Zebus as a whole. 
In 1946, two males and two females of the Red Sindhi breed were imported 
from the Allahabad Agricultural Institute, United Provinces, ‘India. These 
Red Sindhi males and their sons were used in crossing with Jerseys, Holsteins, 
and Brown Swiss as an approach to the problem of development of dairy cattle 
adaptable to the southern United States. 

The Red Sindhi—Jersey crossing was carried on at the Agricultural Research 
Center, Beltsville, Maryland; the Georgia Coastal Plain Experiment Station, 
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Tifton, Georgia; and the Iberia Livestock Experiment Station, Jeanerette, 
Louisiana. Studies of growth, external body dimensions and surface area, 
gestation length, birth weight, age of first calving, and internal anatomical 
characteristics of these crosses have been reported previously (6, 7, 16). This 
paper deals with the milk and fat production, per cent fat, persistency of milk 
yield, and feed efficiency of the various combinations as compared to their 
purebred Jersey stable-mates or contemporaries at the three stations. 


METHODS 

Breeding plan. The breeding plan was to produce all combinations between 
the Jersey and Red Sindhi, by eighths, to determine the approximate fraction 
of inheritance from each desired for optimum productivity. The present study 
ineludes purebred Jerseys and 34, 5g, % (first generation), 14(second genera- 
tion), and 14 Jersey crosses made at one or more of the three stations. The 
number of animals with production information in other groups was too small 
for consideration. The stations will be referred to as Tifton, Jeanerette, and 
Beltsville, and the breed groups as Jersey, 3%, J, 5g J, Fi, Fo, and 44 J, 
respectively. 

Four purebred Red Sindhi bulls were mated to representative Jerseys in 
the Jeanerette and Beltsville station herds to produce the F, crosses. The 34 J 
groups at Jeanerette and Tifton resulted from mating F,; crossbred males to 
Jersey females, but the 34 J group at Beltsville included reciprocals. There 
were six F, crossbred and three Jersey bulls used to produce these crosses. 
The F, crossbred bulls were sons of Jersey cows of above average production 
in the Beltsville herd and three of the Sindhi bulls. They were grouped in pairs 
and one pair used exclusively within a station. The 5¢ J crosses were produced 
by mating one of the F, crossbred males to 34 J females. The F2 group resulted 
from inter se mating two F, males with F,; females. The four Sindhi males 
were mated to F; females to produce the 14 J crosses. 

Matings were made to keep inbreeding to a minimum. All crosses had less 
than 3% inbreeding except one of the 14 J crosses at Jeanerette which was 
25% inbred and the five 5g J crosses at Tifton which were all approximately 
3% inbred. 

Feeding and management. The within station feeding and management were 
similar for the crosses and the Jersey stable-mates. All cows were machine- 
milked twice daily except at Beltsville for the period December, 1949, to 
September, 1951, when 3X hand milking was practiced. At Beltsville all cows 
were barn-fed individually a standard ration based on recommendations for 
maintenance and production throughout all lactations. Refused feed was re- 
corded, making it possible to calculate the total therms of estimated net energy 
(ENE) consumed. At Tifton and Jeanerette, concentrates were fed according 
to production. Hay and silage were fed ad libitum and pasture used in season. 
For the first 5 yr. all crosses were given an opportunity to complete at least 
two records, but in the last 4 yr. culling based on first-lactation production was 
practiced. 
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Statistical analyses of the data. The crossbreds were compared to purebred 
Jersey contemporaries or stable-mates. Some of the crosses at Beltsville did 
not have Jersey stable-mates; therefore, they were excluded from the study. 
The contemporaries were first-lactation Jerseys calving in the same year and 
season as the crossbreds. The stable-mates were all Jerseys calving in the same 
year and season. Essentially, these Jersey groups were unselected for produc- 
tion, since culling was based on disease, injury, or age. 

The 3X records at Beltsville were adjusted to a 2X, 305-day basis with 
- correction factors developed from Beltsville herd data. DHIA age-conversion 
factors were used to adjust the individual Jersey records to a mature equivalent 
(M.E.) basis. Reeords of both Jerseys and crossbreds were grouped into seasons 
by dates of calving (April-September or October-March). The year-season 
Jersey means were adjusted to the age of calving for each crossbred in the 
corresponding year-season and the deviation for each crossbred from the Jersey 
stable-mate average determined. The number of Jerseys was small in some 
year-season groups; therefore, the observed difference between the crossbred 
n 


record and the year-season age adjusted record was weighted by the factor 0 
n+ 


This procedure was considered more satisfactory than adjusting the crossbred 
record to a M.E. basis, since there was no way of estimating the reliability of 
Jersey age factors for use on the crossbred records. 

To provide tests of significance and to evaluate the importance of some 
possible sources of variation of the weighted differences of all first crossbred 
records from their Jersey stable-mate averages, two least-squares analyses were 
completed. The following mathematical model was used to describe the first 
analysis and constants fitted : 


Yat = w+ 8 +O; + te + (sdb) + (sthin + (bt), + — A) + 


Where: yj. = the weighted difference between the lth crossbred record (milk 
or fat yield or fat per cent) started in the kth season in the jth 
breed group and at the ith station and the corresponding Jersey 
year-season averages. 

c = the partial regression of the dependent variable (milk yield, fat 
yield, or fat per cent) on the age at freshening in months. 


All breed groups were not present at all stations; therefore, only the three 
common breed groups at Beltsville and Jeanerette were considered in evaluat- 
ing the (sb); interaction effects. In the second analysis the model was extended 
to remove statistically, by linear and quadratic regression, the effect of length 
of lactation. 

Sixty-nine sets of maternal half-sisters were available at all three stations 
where at least one was a crossbred (F; or 34 J) and at least one was a purebred 
Jersey daughter. In Analysis No. 1, constants were fitted for the three groups 
on a within dam or.maternal half-sister set by use of the following mathematical 


model : 


Yin = dij + by + (sb), + Cijkl 
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Where: yi: = the weighted difference of the Ist record of the lth daughter in 
the kth breed group out of the jth dam in the ith station from 
the stable-mate average. The differences for the purebred Jersey 
daughters were adjusted to the average age at calving for the 
crossbred daughters in each maternal half-sister set separately 
prior to the analysis. (First records only were used for the 
Jersey maternal half-sisters. ) 


In Analysis No. 2 the same constants were fitted as in Analysis No. 1 and, 
in addition, a linear partial regression was fitted for length of lactation. 

The differences for the purebred Jersey daughters were adjusted to the 
average age at calving for the crossbred daughters. 

Milk yields at 30-day intervals were available at Beltsville and Jeanerette 
for all crossbreds and contemporary Jerseys. These were used to calculate 
persistency indices for the various groups in the following manner: 


2s(a2 >2)— n(x) 100 
Sx 


per cent P -| 


Where: s(x > x) =sum of yields for 30-day periods greater than the mean 
30-day yield for the lactation. 
2 = constant. 
n = number periods when 30-day yield exceeded the mean for 
the lactation. 
x = average yield of all 30-day periods. 
sx = total of all 30-day yields. 


RESULTS 


Table 1 shows the average production of the crossbred groups, their Jersey 
stable-mates, and the weighted differences. The average for the crossbreds is 
the simple average of the actual records. The Jersey stable-mate average is 
the average of the year-season Jersey means adjusted to the age of the indi- 
vidual crosses. The weighted differences are the simple averages of the weighted 
deviations of each crossbred record from its age-adjusted Jersey stable-mate 
average. A total of 431 records of 228 Jersey stable-mates was used in deter- 
mining the year-season averages. Of these there were 47 Jersey cows with 64 
records at Beltsville, 72 cows with 162 records at Jeanerette, and 109 cows with 
306 records at Tifton. 

Except for the highly selected F, crosses which made third and fourth lac- 
tations at Jeanerette, the crossbreds produced less milk and fat than their 
Jersey stable-mates, but the weighted differences for per cent fat were variable. 
The fat test of the crosses was higher than the Jersey stable-mates in first lacta- 
tion at Beltsville and the same was true for F; and 14%, J at Jeanerette. The 
%4 J first lactation average for fat test at Jeanerette and Tifton was less than 
for the Jerseys. In later lactations the differences for all groups were negative 
except for the 44 J at Jeanerette. 
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The least-squares means of the weighted differences for first records that 
were obtained in both Analysis No. 1 and Analysis No. 2 for p, stations, breed 
groups, seasons, and the station by breed group subclasses are presented in 
Table 2. In addition, Table 2 gives the number of crossbreds and the simple 
averages for age at calving and length of lactation for each classification. The 
partial regression estimates for age at calving and length of lactation are given 
at the bottom of Table 2. 

In all cases for milk and fat yields the least-squares means of the weighted 
differences show that the crossbreds produced less than did their Jersey stable- 
mates. In general, the weighted differenecs in milk and fat yields were larger 
negatively as the proportion of Sindhi inheritance increased. Since the average 
length of lactation varied from one classification group to another, the least- 
squares means for milk and fat yields differ between Analysis No. 1 and Analysis 
No. 2. In the latter analysis the least-squares means are each adjusted to the 
average length of lactation (261 days). 

Tests of significance among the least-squares means for the main effects, the 
interaction constants, the partial regressions, and for the over-all mean itself 
are given in the analysis of variance shown in Table 3. When no adjustment 
was made for variations in length of lactation (Analysis No. 1) the error terms 
for milk and fat were so large that only the differences for all crossbreds (,) 


TABLE 3 


Analyses of variance of the weighted differences between the crossbred records and the 
year-season age adjusted average for purebred Jerseys * 


Mean squares 


Fat 
Source of variation d.f. Milk Fat (%) 
Analysis No. 1 
bb 1 1,470,222** 470,474** .6540 
Stations (S) 2 64,236 21,654 -1635 
Crossbred groups (B) 4 263,050** 80,928** | .9663* 
Season (T 1 53,485 6,080 1.1139 
SB” 2 27,382 22,303 .9244* 
ST 2 10,640 532 .3624 
BT 4 22,377 2,486 .2277 
Regression on age | 1,488 1,525 5577 
Error 150 34,178 9,178 .2980 
Analysis No. 2 

1,131,553** 372,971** .7837 
Stations (S) 2 152,244** 38,055** -1923 
Crossbred groups (B) 4 37,902** 15,264** 1.0152* 
Seasons (T) 1 151,991** 25,779** 1.0507 
SB” 2 28,342 23,327** .9668* 
ST 2 4,346 998 .3690 
BT 4 8,402 2,408 .2486 
Regression on age 1 6,179 3,484 5286 
Regression on length 

Linear 1 13,332 1,696 3065 
Quadratic 1 176,278** 39,523** .2707 
Error 148 12,321 3,196 3013 


* Adjusted for unequal subclass frequencies by least-squares. The year-season purebred 
Jersey average for fat per cent was unadjusted for age. 

» All breed groups were not present at all stations. 
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and crossbred groups were significant statistically. Because of the wide vari- 
ability in length of lactation among the crossbreds, and the large influence of 
length on both milk and fat yields, the error mean squares for these two vari- 

ables under Analysis No. 2 are much less than under Analysis No. 1. Adjusting 
for length of lactation on per cent fat made little difference in the results 
obtained. 

Differences among breed groups, when adjustment is made statistically for 
variation in lactation length, still remain highly significant (Analysis No. 2, 
Table 3). Therefore, the variability in average lactation length among breed 
groups is not the only reason for breed group differences in milk and fat yield. 
Under the assumption that the differences which actually oceurred in the 
average length of lactation among stations, breed groups, and season (Table 2) 
are population characteristics, the error mean squares obtained in Analysis No. 
2 may be used to test the significance of differences among the least-squares 
means of Analysis No. 1. When tests of significance are made in this manner, 
differences among stations and seasons are also significant for milk yield; and 
station, seasons, and the station by breed group interaction effects are significant 
for fat yield. There is no indication that a station by season interaction exists 
for either milk or fat yield, but there is some suggestion that a breed by season 
interaction exists for milk when no adjustment is made for lactation length. 

The station least-squares means (Table 2) show that the differences among 
crossbred records and the Jersey stable-mates were larger (negatively) at Belts- 
ville and Tifton than at Jeanerette. Table 1 shows that the production level 
for both crossbreds and Jerseys was considerably higher at Beltsville, suggest- 
ing that the station differences are largely due to a correlation between the mean 
and variance rather than to greater adaptability of the crossbreds at Jeanerette. 
The variation in the differences between Beltsville and Jeanerette for the three 
common breed groups (the station X breed group interaction) is also probably 
due primarily to the correlation of the mean and variance. 

Results of applying Dunecan’s Multiple Range Test to differences among 
stations, breed groups, and station X breed group interaction constants are 
shown in Table 4. The error mean squares obtained in Analysis No. 2 were used 


TABLE 4 


Results of applying Duncan’s Multiple Range Test to differences among stations and 
breed groups 


Classification Analysis No. 1 Analysis No. 2 
Stations 

Milk (B,T)(T,J)* (B) (J,T) 

Fat (B,T) (B) (J,T) 

% Fat (B,J,T) 

Breed groups 

Milk (%I,56I ) (545, F1,F2) (440) (5¢J,F2,%4J) 
Fat (5d, F1) (560, Fe) 
% Fat (Fi,%I) (%I,P2,4T) 2) 


Any groups that do not appear together within the same parentheses differ significantly 
(< .05). 
Any groups that ommers within the same parentheses do not differ significantly. 

* B, Beltsville; J, Jeanerette; T, Tifton. 
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to test the significance of differences among least-squares means obtained in both 
analyses. Dunean’s Test for Analysis No. 1 shows that the milk production of 
the crosses, relative to their Jersey stable-mates, was less at Beltsville than at 
Jeanerette, although those at Tifton were not significantly different from the 
other stations. The Beltsville and Tifton crosses were different from Jeanerette 
in fat. There were no significant station differences for fat percentage. 

The 34 J group produced significantly more milk and fat than crosses with 
one-half or more Sindhi inheritance, but after consideration of length of lacta- 
tion (Analysis No. 2) only the 14 J differed significantly from the 34 J. 

The F, group had a higher fat test than any of the other groups except the 
14 J. The differences among the other groups were relatively minor. 

Maternal half-sister analyses. The results of the analyses of data on 69 sets 
of maternal half-sisters are presented in Tables 5 and 6. Table 5 gives the 
least-squares means by stations, breed groups, station-breed group subclasses, 
and the tests of significance with Duncan’s Test for breed groups. The analyses 
of variance are shown in Table 6. 


TABLE 6 
Analysis of variance in weighted differences for maternal sister data * 


Mean squares 


Source of variation d.f. Milk Fat % Fat 
Analysis No. 1 
Breed groups 2 154,147** 39,692** ais 
Station X breed groups 3 37,679 9,095 .2217 
Dam X breed group within stations 71 26,837 6,405 -2035 
Error 38 17,317 5,194 .2037 
Analysis No. 2 
Breed groups 2 28,486 4,546 .7749* 
Station X breed groups 3 78,800** 21,670** 2117 
Regression on length 1 1,232,891** 332,360** .0027 
Error 108 12,320 2,961 -2054 


"In each analysis constants were also fitted for stations and dams within station. Con- 
stants for the dam X breed group interaction within stations in Analysis No. 1 were not fitted. 


In the analysis of variance, when length of lactation was held constant 
(Analysis No. 2), the differences between Jerseys and their crossbred ma- 
ternal sisters were not significant for milk and fat yield, but were for fat test 
(Table 6). The station X breed group interaction approached significance in 
Analysis No. 1 for milk, but was significant in Analysis No. 2 for both milk and 
fat. There was no indication of an interaction for fat test in either analysis. 
The regressions of milk and fat yields on length of lactation were significant in 
Analysis No. 2. 

Jersey offspring of Jersey cows produced significantly more milk and fat 
relative to their stable-mates than did their maternal sisters sired by Sindhi 
and F,; males (Table 5). The Jerseys had a significantly higher fat test than 
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their sisters sired by F, males, but were slightly lower than their F; sisters. 
The differences among the groups of maternal sisters were larger at Beltsville 
than at Jeanerette or Tifton in both sets of least-squares means. The Jersey 
maternal sibs were not significantly different from their Jersey stable-mates in 
milk, fat, or test at any of the stations. 

Per cent difference in milk and fat yields. Table 7 shows little improvement 


TABLE 7 

Weighted average per cent decrease of crossbred from Jersey stable-mates computed from 
Table 1 

1st Lactation 2nd Lactation 

Breed No. Milk Fat No. Milk Fat 

group animal (%) (%) animal (%) (%) Stations 

% J 39 10 —36 Beltsville, Jeanerette, 

Tifton 

5 —25 Tifton 

F, 84 —20 —15 52 —27 —25 Beltsville, Jeanerette 

F. 10 —32 —34 6 —16 —26 Jeanerette 

YJ 28 —50 —48 11 —31 —31 Beltsville, Jeanerette 


in the production of the crosses relative to their Jersey stable-mates in second 
lactation in spite of the culling that occurred between first and second lactation 
in the crossbred groups. The differences in first lactation ranged from a low 
of 10 to 50% decrease from purebred Jerseys and from 10 to 31% in second 
lactation. 

Comparison of Sindhi sire groups. The adjusted means of F, crossbred 
daughters of three Sindhi sires are shown in Table 8. There were large but 


TABLE 8 


Adjusted means* of F; crosses for weighted differences from purebred Jersey stable-mates 
by sire groups at Beltsville and Jeanerette (first records only) 


Red Analysis No. 1 Analysis No. 2 
Sindhi : 

Sire No. Milk Fat Fat Milk Fat Fat 
No. animal (10 lb.) (1b.) (%) (10 1b.) (1b.) (%) 

50 21 —193 —94 12 —75 14 

51 50 —127 —51 —129 —47 

52 13 —131 —75 .04 —141 —81 .04 


*Daughter averages adjusted for the effects of station, season, station season, and 


breed group X station interactions. 
> Station distribution: Sire No. 50—17 Beltsville, 4 Jeanerette; Sire No. 51—7 Beltsville, 


43 Jeanerette; Sire No. 52—13 Beltsville. 


nonsignificant differences in the milk and fat yields and fat test of their 
daughters’ first records. Holding length of lactation constant (Analysis No. 2) 
appreciably reduced differences in milk among the sires. 

Persistency. In general, first-lactation persistency of milk yield was in- 
versely related to the proportion of Sindhi inheritance at both Beltsville and 
Jeanerette (Table 9). The lower means represent high persistency. At both 
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TABLE 9 
First-lactation persistency of milk production for Sindhi-Jersey crosses and Jersey 
contemporaries 
Beltsville Jeanerette 

Breed No. No. 
group animal Mean animal Mean 
Jersey 20 189+ 1.38 35 238.2 1.64 
% 10 5.47 11 5.86 
Fi 37 264+ 5.34 44 40.8+ 6.82 
F, 10 51.5 + 14.65 
uJ 15 78.7 + 14,21 13 72.7 + 16.68 

Results of Duncan’s Multiple Range Test: Beltsville (J, %J, Fi) (445); Jeanerette 


(J, % J, F:) (Fi, F,, ¥%J). 


stations the Jerseys and 34 J had significantly higher persistency than the 
14 J, but were not different from the F;. The F; and F, were not different 
from the 14 J at Jeanerette. 

Feed efficiency. Feed efficiency expressed as pounds of FCM produced per 
therm of estimated net energy consumed decreased with increasing Sindhi 
inheritance (Table 10). The total energy consumed from roughage per unit 


TABLE 10 


Feed efficiency of Sindhi-Jersey crosses and Jersey contemporaries at Beltsville 
(first lactation only) 


Item Jersey J F, 
No. of animals 18 11 25 11 
Feed efficiency 1.80 1.78 1.62 1.45 
(1b.FCM/therms ENE consumed) 
Coefficient of variation (%) 10.9 8.1 11:3 30.4 
Body weight (/b.)* 912 884 894 787 
Body weight gain (Ib.)” 108 125 131 85 
FCM (10 Ib.) 938 919 698 399 
Therms of roughage consumed/ 1.05 1.08 82 .78 
100 lb. body weight/day 
Total therms consumed/100 lb./day 1.87 1.92 1.62 1.55 
Results of Dunean’s Multiple Range Test: 
Feed efficiency (lb. FCM/therms) (Fi,4d) 
Therms consumed in roughage/100 lb. weight (J,%4Jd) (F1,%4d) 
Therms consumed/100 lb. weight/day (F:,4I) 


"Average of monthly weights during lactation. 
> Difference between first month post-partum and last month of lactation. 


of weight per day was similar in the Jerseys and °%4 J, but considerably greater 
than the F,; and 14 J groups. The differences in body weight gain among the 
Jerseys, 34 J, and F, groups were small and all were greater than the 14 J 
group. The Jerseys and 34 J groups were significantly higher in feed efficiency, 
energy consumed, and roughage consumption than the F; and 14 J groups. 


DISCUSSION 


The Sindhi-Jersey crosses were on the average inferior to their Jersey 
stable-mates under the temperate climatie conditions of Beltsville as well as the 
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warmer conditions at the two other stations. All crossbred groups were also 
highly variable in production. The first-lactation milk yields of the 34 J ranged 
from 3,000-9,000 lb.; the 100-8,600 lb.; the 1,000-6,200 lb., and the 
4 J, 200-6,880 lb. In all combinations the distribution in milk yields was 
continuous and did not contain groups of extremes. Because of the large differ- 
ences in the means and the distribution in milk yields, a large percentage of 
the crosses were unsatisfactory producers. 

Undesirable temperament was partially responsible for the lower production 
of the crosses, especially in the F;, F2, and 14 J crosses. 

The inverse relation of lactation length and Sindhi inheritance is in agree- 
ment with that reported by Sen et al. (13) for Red Sindhi—Ayrshire crosses. 
Adjustment to a common length of lactation penalized the 34 and % J, but 
helped the F,, Fo, and 144 J groups. Length of lactation was, therefore, an 
important factor in the performance of crosses but was not the sole cause of 
their lower yields. 

Others (14, 15, 17) have reported that high percentages of Sindhi delayed 
sexual maturity. Although there was some indication of this in the 144 J (6), 
the mean calving age for all crossbred groups was similar to that of their Jersey 
contemporaries. The advanced age at Jeanerette was due to deliberate delay in 
age of breeding. 

There is little indication that the relative production of the Jerseys and 
erosses changed in later lactations. Thirteen of the 17 lowest-producing F, 
crosses at Jeanerette averaged 1,780 lb. of milk in first lactation and 3,460 lb. 
in second lactation. Even with some selection for production, the 34 J and F, 
produced less in relation to their Jersey stable-mates in second than in first 
lactation. The highly selected group of F, crosses completing third and fourth 
lactations at Jeanerette exceeded the average of the Jersey stable-mates, but 
were below the average of the high 40% of the Jerseys. Some improvement was 
shown in the second-lactation production, relative to the Jersey stable-mates, 
of the F. and 14 J groups, but this resulted primarily from removal of low- 
producers. 

The inferiority of the crosses in first lactation was apparently not a ma- 
turity factor, as the increases in milk yield from first to second and second to 
third lactations were not any more than for the Jerseys. There is some indica- 
tion the crosses increased less with age. 

Generally, the first lactation fat test of the crosses was higher than for the 
Jersey stable-mates, but the pattern was in most cases reversed in second lacta- 
tion. The lower test of the crossbreds in second lactation was probably a result 
of sampling, as those crossbreds completing second lactations tested below their 
respective group averages in first lactation. Lack of consideration of age for 
the Jersey stable-mates may have also been partially responsible for the positive 
values of the crosses in first lactation. Sire effects were additional confounding 
factors in the differences for the 34 and 54 J groups. The significant station by 
breed group interaction for fat test could have resulted from differences between 
the purebred Jerseys at the two stations involved, Beltsville and Jeanerette. 


> 
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Stonaker et al. (14) reported that first-lactation Jersey-Red Sindhi crosses 
tested higher than contemporary Red Sindhis; whereas, the present study shows 
the crosses tended to test higher than Jerseys. The true effects of crossing the 
two breeds on fat test can not be discerned from these studies, but both indicate 
that crosses test higher than either parent. 

Some of the crossbred groups produced more relative to Jerseys during the 
summer months than in winter, but the level of production was still less than 
that of the Jerseys milking at the same time. The performance of the crosses 
during the hotter season might be explained on the basis of physiological studies 
conducted under hot conditions in psychrometric chambers. Under the condi- 
tions of high temperature and humidity, the responses of the 34 J crosses were 
very similar to those of contemporary Jerseys, but the responses of the F,; and 
4 J were significantly less than those of Jerseys (10). As compared to the 
Jersey, the average crossbred maintained a lower body temperature (10, 12) ; 
had a higher respiratory rate as a lactating animal (5, 9); showed a greater 
reduction in respiratory tidal volume (9) ; had lower metabolic heat production 
(2) ; and had rates of surface evaporation equal to or exceeding the Jersey (5, 8). 

The differences between the Jersey maternal sisters and their purebred 
stable-mates were generally small and unimportant, which shows that the major 
portion of the dams of the crossbreds were representative of the Jerseys in the 
three herds. Therefore, it should be reasonable to assume that the decrease in 
production with increasing Sindhi resulted from breed or sire differences and 
not from the variation in the transmitting ability of the Jersey dams. 

Although there was variation in the average production of the F, offspring 
by the three Sindhi sires used most extensively, the best of these groups pro- 
duced much less than their Jersey stable-mates. The performance of the poorest 
of these F, groups, however, was above that of the best group of 14 J paternal 
sibs. The lack of improvement through crossing would raise a question as to 
the quality of the Sindhi sires used. S-50 and S-51 were imported and S-52 was 
a son of 8-51. Both S-50 and S-51 were out of dams with records well above the 
Allahabad herd average and that generally given for the breed in India. It is 
reasonable, therefore, to expect these animals to have transmitted at least breed 
average production. 

The feed efficiency means reflect the high correlation between feed efficiency 
and FCM yield reported for dairy cattle (1). In general, energy intake was 
inversely related to the amount of Sindhi in both roughage and grain, but the 
decrease was greater for roughage. The lowered roughage consumption of the 
erosses may be a reflection of the smaller stomach and intestine capacity of the 
Sindhi crosses reported by Swett et al. (16). 

Certain other characteristics exhibited by the crosses impressed the authors 
as factors which might affect their usefulness as dairy animals. The crosses 
were slow or piece-meal eaters, i.e., they consumed their feed in the barn or on 
pasture at a much slower rate than Jerseys or Holsteins. This was most evi- 
dent in the 14 J groups. Rate of milking appeared slower and directly related 
to the proportion of Sindhi. The crosses with 50% or more Sindhi usually had 
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larger fore than rear quarters and seemed to milk slightly more from the fore 
quarters. With advancing age, the fore-teats grew to such dimensions that they 
hampered the use of the milking machine and discouraged nursing by the calves. 
The crosses and the pure Sindhis carried more flesh at all times than Jerseys, 
which indicated they had a stronger tendency to maintain good fleshing than to 
milk. Also, the crossbred calves with 50% or more Sindhi were troublesome to 
rear, in that they were finicky eaters and slow in learning to drink from a pail. 

Studies of summer weather patterns occurring in the South (3) showed the 
Jeanerette area to be among the most critical areas in the United States for the 
performance of dairy cattle. At Jeanerette the performance of the crosses rela- 
tive to Jerseys was better than at the other stations. Nevertheless, the number 
of diseards would have been high even under these conditions. The %4 J were 
the best producers among the crosses, but their heat adaptation showed no 
material advantage over the Jerseys. The F,’s showed a significant improvement 
in heat resistance, but the productive performance of the top one-third of this 
group was not at a level that encouraged attempts to fix the greater adaptability 
characteristics. The disadvantages of the crosses in other traits normally de- 
sired in United States dairy cattle offered further discouragement. Although 
the general results were not encouraging, the performance of the crosses at 
Jeanerette would indicate that the use of European X Zebu crosses might prove 
beneficial under actual tropical conditions where heat-tolerant cattle now exist 
but European breeds have not been satisfactory. 

From the results of this study and the knowledge that variation in adapta- 
bility exists among the European breeds, it would appear that research on sys- 
tems of breeding other than Red Sindhi—Jersey crossing would offer greater 
promise for developing adaptability to conditions in the southern United States. 
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EFFECTS OF LONG-TIME FEEDING OF CHLORTETRACYCLINE TO 
DAIRY CATTLE! ? 


C. F. FOREMAN, N. L. JACOBSON, anp A. E. FREEMAN 
Department of Animal Husbandry, Iowa State University, Ames 


SUMMARY 


Forty dairy heifers paired by age and breed were divided into two groups, with one 
of each pair receiving 240 mg. chlortetracycline for a minimum of 15 mo. before parturi- 
tion and subsequently except when dry. The mean weight for the antibiotic-fed group 
exceeded that of the controls at 12 mo. of age by 38 lb., at 18 mo. of age by 39 lb., and at 
ten days after calving by 44 lb. Age at first breeding was less for the chlortetracycline 
group, but since this group required more services per conception the ages at first calving 
for the two groups were similar. Calves from antibiotic-fed heifers were slightly larger 
at birth, but response of the calves to chlortetracycline feeding appeared to be independent 
of treatment of the dam. A total of 30 and 32 records were made by treated and control 
animals, respectively, in three lactations. Mean total pounds milk and fat during the 
first lactation (adjusted to 2X, 305-day, M.E.) were 11,088 and 435 for treated cows and 
10,615 and 399 for controls, respectively. Only the difference in fat yields was significant 
statistically (P < .05). Average adjusted milk and fat productions, in pounds, for all 
lactations were 10,531 and 409 for treated animals and 10,869 and 407 for controls. These 
differences were not significant (at P = .05). Although culling procedures limited com- 
parisons, there apparently was little difference between groups in reasons for leaving the 
herd. 


The effects of feeding antibiotics to dairy calves have been investigated 
extensively in recent years. Lassiter (9), in a review, reported that in most 
experiments chlortetracycline feeding improved general health and increased 
weight gains of dairy calves. This author concluded that there is little economic 
advantage in including antibiotics in the diet of dairy calves beyond 16 wk. 
of age. Also, it has been demonstrated that the most pronounced effects of 
dietary chlortetracycline are manifested during the first 6 mo. of life (3, 6, 7, 
15). Several studies have indicated that chlortetracycline feeding to lactating 
dairy cows has no appreciable effect on milk yield or composition (1, 4, 12, 14, 
16, 17). Lassiter and Brown (10), however, conducted a field study involving 
approximately 1,000 cows in 18 herds. The cows in each herd were divided into 
two groups; one group received chiortetracycline at the rate of 0.1 mg. per 
pound of body weight daily, and the other group served as the control. The 
antibiotic-fed cows in this experiment produced 0.82 lb. more milk per cow 
daily than the controls. Feeding chlortetracycline at levels of 700 (12) and 
390 (13) mg. per animal and 0.1 mg. per pound body weight (5, 18) daily to 
lactating cows did not result in the appearance of detectable amounts of the 
antibiotic in the milk. Shor et al. (18), on the other hand, found small amounts 
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of the antibiotic in the milk when chlortetracycline was fed at a level of 500 mg. 
per animal daily. 

There has been considerable interest recently in feeding chlortetracycline 
to mature dairy cattle to increase resistance to certain bacterial infections. 
Bold et al. (2), however, found no apparent increase in resistance to mastitis, 
foot rot, or other bacterial disturbances as a result of chlortetracycline feeding, 
although the clinical disease challenge to these ailments was considered low. 
Furthermore, Ross et al. (14) reported no effect upon mastitis or foot rot as a 
result of chlortetracycline feeding. 

The present experiment was undertaken to determine the effect of long-time 
feeding of chlortetracycline on the performance of dairy cattle. Portions of 
the data have been summarized previously (3, 7). 


EXPERIMENTAL PROCEDURES 


Forty dairy heifers in the Iowa State University herd were divided into two 
comparable groups on the basis of age and breed. Most of the treated animals 
were fed chlortetracycline from four days of age, although the antibiotic was 
introduced into the diet of some animals at a later age. This was not considered 
in the analysis, however, since all animals in the experimental group were fed 
chlortetracycline at the rate of 240 mg. per animal per day, added to the con- 
centrate mixture in two equal feedings daily, for at least 15 mo. prior to calving. 
Thereafter, chlortetracycline was fed at this level as long as the cows were 
lactating, but not during their dry periods. In other respects all of the animals 
were fed and managed uniformly throughout their lifetime in the herd. No 
effort was made to retain animals in the herd beyond the time normal culling 
procedures indicated their removal. 

Recorded data included daily milk weights, monthly milk fat percentages, 
body weight changes, and birth weights of offspring from first parturition. The 
mean weights at four days of age of the heifers assigned to the experiment 
(Table 1) averaged 81 lb. for the chlortetracycline group and 79 lb. for the 
controls. 

The effect of treatment (chlortetracycline vs. none) of the heifers on the 
performance of their calves from the first parturition was studied. Ten calves 
from treated dams and ten from the nontreated dams were divided into four rela- 
tively comparable groups. Because of differences in time of calving and sex of 
offspring by breeds, it was possible to use only 20 calves. Each calf received 
whole milk for 7 wk., a starter ad libitum up to 4 lb. per calf daily, and good- 
quality alfalfa hay free choice. Two groups, one from each group of dams, 
received chlortetracycline (80 mg. per animai daily) in the form of Aurofae D 
in the milk during the first 7 wk. and as Aurofac 2A in the starter thereafter. 
Management practices were similar for all calves. 


RESULTS AND DISCUSSION 


The weights of the heifers at various ages are shown in Table 1. At 12 mo. 
of age the mean weight for the chlortetracycline group exceeded that of the 
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TABLE 2 
Analysis of variance of weights at 12 mo. of age 

Source of Degrees of 

variation freedom Mean square F value 
Breeds + 31,030 10.06** 
Treatments 1 14,784 4.79* 
Breeds X treatments + 3,619 Lil? 
Experimental error 30 

0. 


controls by 38 lb. Analysis of variance of these data (Table 2) indicated a 
statistically significant difference among breeds (P < .01) and between treat- 
ments (P < .05). This greater increase in body weight, from nearly identical 
birth weights, by chlortetracycline-fed heifers as compared to the controls is 
in agreement with previously reported work (6, 8, 14). A difference in body 
weights between treatments and among breeds was maintained through 18 mo. 
of age. The treatment differences were proportionately smaller than at 12 mo. 
of age and as shown in Table 3 were not statistically significant (at P = .05), 


TABLE 3 
Analysis of variance of weights at 18 mo. of age 

Source of Degrees of 

variation freedom Mean square F value 
Breeds 4 69,056 
Treatments 1 15,132 2.58 
Breeds X treatments + 5,432 0.93 
Experimental error 30 

OR. 


although there was a significant difference (P < .01) among breeds, as was 
observed at 12 mo. The reason for the lack of added response to chlortetra- 
eycline feeding beyond 12 mo. of age probably can be explained by the rapid 
disappearance of the antibiotic from the rumen after prolonged feeding to older 
animals as reported by Lodge et al. (11). The fact that chlortetracycline ap- 
parently disappears from the rumen at a rapid rate at this age raises some 
question as to the role it plays in improving the health of older ruminants. 
Proper assessment depends upon whether this disappearance is due to absorption 
or to destruction (or alteration) in the rumen. 

Weight and age differences between treatments at time of breeding are 
shown in Table 4. Mean body weight and age at first breeding for chlortetra- 
eycline-fed heifers and for controls, respectively, were 698 lb., 469 days, and 
676 lb., 487 days. The treated heifers required an average of 2.2 services per 
conception, whereas the controls required 1.5, but numbers were not sufficient 
to permit valid conclusions as to the effect of chlortetracycline on the number 
of services per conception. The mean ages at conception were almost identical 
(505 days for the antibiotic group and 507 days for the controls). Body weights 
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ten days following parturition (Table 1) averaged 983 lb. for the antibiotic-fed 
heifers and 939 lb. for the controls, or approximately the same weight differences 
as observed at 12 and 18 mo. of age. The larger size apparently resulted in 
earlier sexual development in the antibiotic group, although a somewhat lower 
conception rate was observed. 

The effects of chlortetracycline on the birth weight of offspring and on the 
response of the first parturition calves to this antibiotic are shown in Table 5. 


TABLE 5 
Mean body weight changes of the various groups of calves 


Wt. gain to (days) : 


Breed and sex Dam Calf Wt. at 
distribution group group 4days 32 60 88 116 
(1b.) 
1J-F, 1G-F, 3 H-M Chlortetracycline Chlortetracycline 78 14 52 102 148 
1 J-F,1G-F, 3 H-M Chlortetracycline Control 79 8 44 78 125 
1G-F, 2 H-F, 2 H-M Control Chlortetracyeline 96 149 
1G-F, 2 H-F, 2 H-M 


Control Control 74 6 35 71 112 


Calves from both treated and nontreated cows responded similarly to chlor- 
tetracycline feeding during the period from four to 116 days of age by gaining 
more than their controls that did not receive the antibiotic. The controls from 
antibiotic-fed dams, however, gained more than the controls from control dams. 
Unfortunately, numbers were too few to ascertain conclusively whether this 
represents a true difference. 

Analyses of milk production data were carried out on first lactation sepa- 
rately and on all lactations through the third. Sufficient records were available 
to justify analysis of first lactation data alone ; however, the numbers of neither 
second nor third lactations were sufficient to justify separate analysis. Thus, 
the first, second, and third were pooled to give a combined analysis of all data. 
Production data beyond the third lactation were deemed too limited for inclu- 
sion. Table 6 presents the mean yields [2X, 305-day, M.E. (8)] of milk and 


TABLE 6 
Average production (2X, 305-day, M.E.) 
Fat Milk 
Lactation Chlortetracycline Control Chlortetracycline Control 
1st 435 (17) * 399 (17) 11,088 (17) 10,615 (17) 
2nd 377 (10) 408 (11) 10,317 (10) 11,085 (11) 
3rd 362 (3) 436 (4) 8,088 (3) 11,354 (4) 
All 409 (30) 407 (32) 10,531 (30) 10,869 (32) 


“The numbers in parentheses give the numbers of animals in each subclass. 


fat by lactations for the chlortetracycline and control groups. The numbers 
in parentheses indicate the number of cows in each lactation group. First-lae- 
tation fat production was 36 lb. higher for the chlortetracycline-fed cows than 
for the controls. In the second lactation, however, fat production of the con- 
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trols was 31 lb. higher. The mean fat productions of the two groups for all 
lactations were nearly the same. Milk yield tended to follow the same general 
pattern; however, the production in all lactations was slightly higher for the 
control animals. 

The analysis of first lactation data is presented in Table 7. Sources of 


TABLE 7 
First lactation mean squares 
Actual 2X, 305-day, M.E. 
df. Fat Milk Fat Milk 
Treatments 1 7,650* 1,533,613 10,944 1,907,376 
Breeds 3 9,561* 55,255,105** 21,541** 101,665,050** 
Txe 3 3,677 111,657 5,552 195,552 
E 26 1,819 1,593,266 2,748 2,502,518 
*P< 


variation due to treatments, breed, and their interaction were separated, show- 
ing that the only significant treatment effect (P < .05) was for actual fat 
production in the first lactation; however, the treatment effect on 2X, 305-day, 
M.E. fat production was significant at the 10% level. There was not a sig- 
nificant effect of chlortetracyeline on milk production for either first-lactation 
data or all lactations combined in either actual or mature equivalent records. 
Even though the original design of the experiment insured that animals were 
paired by age within breed when they were allocated to the experiment, con- 
siderable age differences existed between the chlortetracycline and control 
groups in subsequent lactations. Adjustment for age differences was necessary 
before those data could be pooled. Accordingly, all data were converted [2x, 
305-day, M.E. (8)] and an analysis similar to that in Table 7 was carried out 
for mature equivalent milk and fat production (Table 8). The effect of 


TABLE 8 
All lactations mean squares 


2X, 305-day, M.E. 


d.f. Fat Milk 
Treatments 1 53 1,764,210 
Breeds 3 29,014** 147,332,913** 
TXB 3 1,966 1,076,143 


E 54 3,699 2,804,723 


chlortetracycline was negligible in the all-lactation data. In both Table 7 and 
Table 8, the differences between breeds are consistently apparent, as would be 
expected. 

Since relatively small numbers of animals were involved, and because there 
was some question as to whether age-correction factors would be applicable, 
an analysis was carried out for both milk and fat production, using mature 
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equivalent records. This analysis considered sources of variation due to treat- 
ments, breeds, lactations, and their interactions. Lactation differences were 
not significant, indicating that the age-correction factors were at least roughly 
applicable to the present population. 

Data collected in the Iowa State University herd from 1940 through 1958 
indicate that some seasonal differences in production may occur. When records 
are classified by month of calving into two seasonal groups, lower production 
is encountered in cows that calve in the months of March through August, in- 
elusive, than in those calving in the period of September through February. 
During the time when the data reported herein were collected, calving occurred 
in both of the above periods. Accordingly, the effect of season of calving on 
these records was considered. Analyses of first lactation and all lactations [2x, 
305-day, M.E. (8)] considering the sources of variation due to treatments, 
breeds, seasons, and their interactions, indicated that seasonal differences per se 
were unimportant; however, there was a significant (P < .01) treatment-by- 
season interaction in both cases for both milk and fat. 

Table 9 gives the results by season of calving for first and all lactations. 


TABLE 9 
Lactation means by season of calving 
Fat (2X, 305-day, M.E.) Milk (2X, 305-day, M.E.) 

Season Chlortetracycline Control Chliortetracycline Control 

First lactation 
M-A* 464 (6) ° 371 (10) 12,516 (6) 9,568 (10) 
S-F” 420 (11) 439 (7) 10,310 (11) 12,109 (7) 
Av. 435 (17) 399 (17) 11,088 (17) 10,615 (17) 

All laetations 
M-A* 414 (15) 388 (18) 11,149 (15) 10,369 (18) 
S-F° 403 (15) 431 (14) 9,913 (15) 11,511 (14) 
Av. 409 (30) 407 (32) 10,531 (30) 10,869 (32) 


*March through August. 

September through February. 

©The numbers in parentheses are the numbers of animals in each subclass. 
These means indicate a treatment-by-season interaction, in that chlortetra- 
eycline was more beneficial in the period March through August than in Sep- 
tember through February, while the reverse was true for the controls. 

Disproportionate subclass numbers resulted when the chlortetracycline-fed 
animals and the controls were separated into seasonal groupings. The weighted 
squares of means analysis (Table 10) should give valid tests of significance of 
treatment differences with disproportionate subclass frequencies. Treatments 
and breed-season subclasses were considered. The variation between breeds and 
seasons and their interaction would be included in the breed-season source of vari- 
ation. The treatment X breed-season interaction would include the interaction 
due to treatments by breeds and the interaction of treatments by seasons as well 
as the three-factor interaction. Previous analysis indicated the second of these 
to be the only one of importance. The results in Table 10 show that chlortetra- 
cycline gave a beneficial effect on first-lactation fat only. 
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TABLE 10 
Weighted squares of means analysis-mean squares (2X, 305-day, M.E.) 
First lactation All laetations 
d.f. Milk Fat d.f. Milk Fat 
Treatment 1 542,527 12,172* P| 322,758 1,539 
Breed-Season 6 37,221,397** 6,842* 7 61,133,776** 13,713** 
TXB-S 6 3,231,218 5,790 7 3,991,658 2,557 
Error 19 2,207,475 2,468 46 2,412,404 3,723 
66. 


The 40 animals in the experiment left the herd for a variety of reasons. 
Six animals from the antibiotic group and seven of the controls were sold for 
dairy purposes to make room for heifers in the milking herd. Five of the anti- 
biotic-fed animals and six of the controls were sold because of low production. 
Five of the antibiotic group were sold because of failure to conceive and two 
others were sold after aborting, including one in its first pregnancy. Three of 
the control group, including one heifer, were sold because they failed to con- 
ceive, another because of a malignant tumor, and one heifer was sold as a 
brucellosis reactor before parturition. One of the chlortetracycline-fed animals 
and two of the controls were sold because of mastitis. One animal in the anti- 
biotic group died as a result of bloat. 

Although data on the reasons for removal of animals from this experiment 
are presented, culling procedures employed make it difficult to evaluate treat- 
ment effect on these removals. It does seem reasonable to assume, however, 
that there was no appreciable difference between groups in reproductive per- 
formance of the animals in this experiment. 
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VARIATION IN MILK FAT PRODUCTION IN STATE-OWNED 
HERDS IN IOWA! ? 


D. SUNDARESAN,® anp A. E. FREEMAN 
Department of Animal Husbandry, Iowa State University of Science and Technology, Ames 


SUMMARY 


This investigation was of 12,623 records made by 4,487 cows from 1940 through 1956 
in 12 state-owned herds in Iowa. 

Herd differences and herd-by-year interactions were responsible for about 6 and 10% 
of the total variance, respectively. Years, seasons, and the other interactions among these 
three mainly environmental factors were of minor importance individually; together they 
accounted for 4% of the total variance. 

The records were corrected for the major environmental effects by taking each record 
as a deviation from the average of all records made in that herd in that same year. Then, 
for obtaining sire and dam components, ete., only the cows whose sires and dams each 
had at least two daughters in the herd were used. This analysis involved 7,003 records 
by 2,398 daughters of 295 sires and was made in three different ways: (1) hierarchal 
classification of sires, dams within sires, ete.; (2) full sister analysis; and (3) cross 
classification by sires and by dams. Four times the sire component in the first method 
gave 0.16 as the intraherd heritability of differences in butterfat production. By the 
second method, twice the full sister component gave 0.12 as the estimate. By the first 
method 1.6% of the total variance was attributed to dominance deviations and other 
things, such as maternal effects, that make full sisters resemble each other more than 
twice as much as paternal half-sisters. In the cross classification, the component for sire- 
by-dam interaction was 1.8%. These results suggest that deviations from the additive 
scheme of inheritance are unimportant, but these estimates of nonadditive genetic effects 
were not precise. 


Butterfat production, as exhibited by an individual cow, is the response of 
its genotype for this characteristic under the particular environment in which 
the individual is raised and makes the records. When a population is subjected 
to selection, its average genotype changes only slowly within short periods of 
time because: (1) the number of gene pairs involved is large, (2) selection 
among females can not be intense, and (3) the selections can not be as accurate 
as they can be with characters less affected by environment and with characters 
phenotypically expressable in males, also. During recent decades, milk produc- 
tion per cow in the U.S.A. has increased progressively ; for instance, from 4,167 
Ib. in 1924 (18) to 6,438 Ib. in 1959 (19). This advance has surely been brought 
about by improving both the genetic merit of cattle and their feeding and man- 
agement. One can not specify certainly the relative role of these factors. 
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Earlier breeding techniques have been essentially mass selection within a 
purebreed, with an uncertain amount of attention to pedigrees and perform- 
ance of relatives, particularly in sire selection. If heritability is high for a 
certain characteristic, mass selection is quite effective. Heritability is defined 
as the fraction of the observed variance which is caused by differences in the 
average effects of the genes involved. For characteristics of low heritability, 
mass selection is much less effective. It is expedient then to resort more to 
other breeding techniques, such as using family averages in addition to the 
individual’s own characteristic in predicting the breeding value of that indi- 
vidual. With increased need of complex breeding techniques, more reliable 
estimates of the different sources of variation in production under different 
circumstances become increasingly desirable. The purpose of this investigation 
was to estimate the different sources of variation in lactation records of butterfat 
production in the state-owned herds in Iowa, a population which may be (but 
perhaps is not) somewhat different from most D.H.I.A. and H.I.R. herds. 


DATA 


These data came from 12 state-owned herds in Iowa which, by their location, 
represented slightly different soil and climatic conditions. The herds were in 
the Herd Improvement Registry testing program and all cattle included in this 
investigation were purebreds, registered with the Holstein-Friesian Association 
of America. The butterfat yields made during the period 1940 to 1956 were 
adjusted (9) to mature equivalent, twice-a-day, 305-day lactations. From the 
12 herds, 12,623 complete records of 4,487 cows were available. The data were 
tested for normality of the distribution and for homogeneity of the variance 
among the 12 herds. Some kurtosis resulted from a slight excess of records 
near the mean and the ends, with a corresponding depletion in the flanks. Some 
skewness came from a slight asymmetry with an excess of records larger than 
the mean. Also, the variances differed from herd to herd a bit more than is 
likely to have been caused entirely by sampling errors. These departures from 
the simple statistical models seemed too slight, however, to have affected the 
subsequent analyses noticeably. 


METHODS AND RESULTS 


One purpose of the investigation was to measure the main environmental 
effects and the interactions among them. The most obvious possible sources 
of differences between records standardized for length, age, and times milked 
per day are herds, years, the season of the year in which the record began, indi- 
vidual hereditary differences between cows, and permanent effects of subclinical 
disease or injury or other environmental circumstances. Factors, thought to be 
of minor importance from earlier studies, such as calving interval, dry period, 
and lactation number (beyond what is included in age) were ignored. Thus, 
the analysis of extraneous and identifiable factors was restricted to three major 
sources: herds, years, seasons, and the interactions among them. The records 
were classified somewhat arbitrarily into seasons in three different ways: (1) 
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month of calving, (2) meteorological seasons (winter, spring, summer, and fall, 
i.e., January 1 through March 31, ete.) of calving, and (3) two 6-mo. periods, 
April to September as one, and October to March as the other. 

Of the 12,623 records used, almost one-third were first lactations. Second 
and later records were made by cows that had escaped any culling that may 
have been done on first records. If the intensity of selection varied from year 
to year or from season to season, this could lead to some confounding of the 
effects of selection with the effects of year and possibly even with the effects 
of season. To avoid this source of confusion, it was decided also to estimate 
these effects, using only the first records. Table 1 shows that the results were 
not very different, although year was a bit more and season a bit less important 
in the first records. 

In the present investigation, Henderson’s Method I (5) of obtaining com- 
ponents was used. All variables were considered random. After the effects of 
the major environmental factors were estimated, the records were corrected for 
these environmental factors considered important and then estimates of genetic 
sources of variation were obtained, using both original and corrected records. 

The analysis in Table 1 implies that the effects of herds, years, and seasons 


TABLE 1 
Components of variance expressed as percentages of the total 
All records First records 
Seasonal class Seasonal class 
Source Month Season Half-year Season Half-year 

Herds (H) 53 5.2 5.0 5.9 5.8 
Years (A) 0.3 0.3 0.1 id 0.9 
Seasons (S) 19 1.5 1.8 0.2 0.4 
11.1 10.5 10.0 10.8 
HXS 0.7 0.2 0.5 1.0 0.6 
AXS 0.3 0.2 0.5 0.3 0.5 
HxXAxS 0.8 2.4 0.0 1.0 - 
79.7 79.6 81.0 80.5 80.9 


Remainder 


are independently distributed. Many of the cows had two or more records, 
which keeps adjacent years from being completely independent in the analysis 
of all records. With the analysis restricted to first-lactation records, this 
difficulty does not arise. The five sets of components of variance obtained with 
all records, or with first records only, and classified by different seasonal divi- 
sions, are given in Table 1. Only the differences between herds and the inter- 
actions between herds and years were of much consequence as sources of varia- 
tion in butterfat production. 

In an attempt to separate most of the effects of steady time trends from the 
effects of irregular year-to-vear changes (the year components of Table 1 con- 
tain both), first reeords were divided into four periods of four to five consecu- 
tive years each. The component of variance for the differences among years 
within these groups measures the irregular year-to-year changes and a little of 
any steady time trend that may have existed. This component was substantially 
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zero, whether season was classified into half years or quarter years. Therefore, 
the values of 1.1 and 0.9 found for year were due almost wholly to a time trend 
which, of course, could have been caused by genetic improvement or by changes 
in environment or by both. 

The average lactation production per herd varied from 350 to 431 lb., with 
the over-all production being 410 lb. The analysis with first records presented 
much the same picture, although the actual averages were slightly higher. Most 
of the range between herd averages was caused by unusually low production 
for two herds. The average production per year varied from 389 to 432 Ib., 
with most years averaging between 400 and 420 lb. The situation with first 
records was only slightly different. 

Average production by months in which the lactation began varied from 390 
to 427 lb. when all records were used. The lower figures occurred in the spring 
and summer months. The number freshening was a little lower in the spring 
months (down to 817 in May), but varied only from 1,042 to 1,172 in the 9 
summer, fall, and winter months. Average production by 3-mo. seasons of 
calving ranged from 400 lb. in the summer to 424 lb. in the fall, when all records 
were considered. The situation with first records was about the same, except 
the averages were slightly higher and varied less with season. When all records 
were used, the warm period, which is the pooling of the spring and summer 
3-mo. seasons, averaged 401 lb. in contrast to 418 lb. for the cool period. For 
first records this range was only from 416 to 424 Ib. 

If the environmental factors mentioned above were not randomly distributed, 
their effects could bias the estimates of the genetic parameters. To avoid this, 
the effects of herd and of herd-by-year interactions were removed from the 
records by taking every record as a deviation from the average of all records 
made in that herd in the same year. This method restricted the study to dif- 
ferences between records made in the same herd and starting in the same year. 
Differences between herd averages and between averages of the same herd in 
different years were simply set aside and left unanalyzed. Presumably, the 
differences thus set aside were mainly environmental in origin, although not 
wholly so. 

Components of variance attributable to sires and to dams were estimated. 
A few sires and most of the dams had just one daughter each. Since estimating 
differences among sire’s and dam’s breeding values from records of just one 
daughter each would be inadequate, all records that were made by a cow whose 
sire or dam had just one daughter were discarded from this part of the analysis. 
The remaining records were analyzed genetically in two ways: first, with the 
original 305-day M. E. 2 X butterfat production and second, with production 
corrected for general environmental influences by expressing the record as a 
deviation from the herd-year average. The results with original records show 
what happened when important environmental influences were ignored in genetic 
analyses. Most sires were used in only one herd. Each dam and her daughters 
were in the same herd. The data from all herds were pooled and the analyses 
were done in three different ways: first, as a hierarchal classification by sires, 
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dams within sires, among full sisters, and among records of the same cow; 
second, a similar hierarchal classification using full sisters only; and third, as 
a cross classification by sires and by dams. 

In the genetic interpretation of Tables 2, 3, and 4, it was assumed that: 
(a) mating was random; (b) epistatic effects were negligible; (¢) no environ- 
mental correlation existed between members of a related group (e.g., between 
paternal or maternal sibs); and (d) sex-linkage is negligible. Among these: 
(a) is substantially correct; (b) is uncertain, but most of any epistatic effects 
which may have existed will be included in the component V(C) between cows; 
_(e) will have been nearly true for the corrected records, although probably 
not for the original records; and (d) is likely to be almost true, since only one 
of the 30 pairs of chromosomes in cattle carries sex-linked genes. 

Hierarchal classification of all cows with maternal sisters. Table 2 shows 


TABLE 2 
Components of variance in the hierarchal classification 
Original records Corrected records 
Source d.f. Value Per cent Value Per cent 
V(S) 283 639 8.2 271 4.0 
V(D) 1,740 421 5.4 299 At 
V(C) 363 1,726 22.2 1,757 25.7 
V(E) 4,605 5,001 34.2 4,514 66.0 
Total 7,787 6,841 


the variance components among sires, among dams within sires, among full 
sisters, and among lactations of the same cow. Four times V(S) is an estimate 
of the additive genetic variance in the population. The variance due to differ- 
ences between dams within sires—V(D)—is the covariance between full sisters 
minus the covariance between paternal half-sisters. Four times V(D) is an 
estimate of the total additive plus the dominance variance in the: population. 
The dam component minus the sire component is an estimate of one-fourth the 
dominance variance. V(C) is the variance between full sisters. It should con- 
tain half the additive variance, three-fourths of the dominance variance, some- 
thing more than three-fourths of the epistatic variance, and all the variance 
caused by environmental effects which varied from cow to cow but affected each 
cow alike in all her records. 

The total variance among the original records was 7,787; the corresponding 
figure with the corrected records was 6,841. The difference is what was removed 
by taking each record as a deviation from that year’s average within that herd. 
It is most of the variance which appeared in Table 1 in the components for 
herds and years and herd-by-year interactions. Much of the contrast between 
original and corrected records in Table 2 appeared in the component for dif- 
ferences between records of the same cow, because two records from the same 
cow are nearly always made in different years. Therefore, this intracow com- 
ponent in the original records would always contain an intraherd year differ- 
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ence. However, both sire and dam components—V(S) and V(D)—are also 
smaller in the corrected records. Percentagewise they decreased even more 
than V(E) did. This suggests that V(S) and V(D) in the original records 
included some environmental components that were eliminated by expressing 
records as a deviation from the herd average that year. Any such environ- 
mental inclusions exaggerate the estimates of genetic components made from 
the original records. However, expressing every record as a deviation from the 
herd-year average also removed from the corrected records any mean genetic 
differences which existed between herds and between years within herds. Pre- 
sumably these were small but, so far as they existed, they cause the genetic 
estimates from the corrected records to be slightly too small. 

The estimate of additive variance from the corrected records—4V (S)—is 
16.0%, whereas the estimate of additive plus dominance variance—4V (D)—is 
17.6%, suggesting that dominance variance is probably of minor importance in 
dairy cattle breeding. The estimate of heritability (narrow sense) is thus 16.0%. 
Repeatability, which is the total genetic variance plus the variance due to 
environmental effects which are permanent on all the records of a cow, can be 

V(S) + V(D) + V(C) 
, Which was 34.1% in 
V(S) + V(D) + V(C) + V(E) 


estimated as the ratio, 


this investigation. 

Full sister analysis. Table 3 presents the results when only sets of full 
sisters were included. Twice the full sister group component—2V (FS)—which 
is 12.6% in the corrected records, is an estimate of the total additive variance 
plus half of the dominance variance among contemporary cows in the same herd. 
The estimate is actually less than the 16.0% obtained for additive variance in 
the earlier analysis, although it should be larger if there is some dominance. 
Only about a fourth of the information used in the former analysis was avail- 
able in this full sister analysis. Thus, the discrepancy could easily be due to 
sampling error. That the two estimates are fairly close and the second is lower 
suggests again that dominance variance is of minor importance in breeding for 
fat production. 

The component, V(C), obtained in Table 3 contains the variance caused by 
permanent effects of individual cow environmental differences, such as effects 
of mastitis, injuries to udder, ete., plus half of the additive variance, three- 
fourths of the dominance variance, and three-fourths or more of the epistatic 
variance, V(C) minus V(FS), is an estimate of the permanent environmental 


TABLE 3 
Components of variance—including only sets of full sisters 
Original reeords Corrected records 
Source af. Value Per cent Value Per cent 
V(FS) 306 908 11.5 438 6.3 
v(C) 363 1,567 19.9 1,598 23.0 
V(E) 1,275 5,406 68.6 4,921 70.7 


Total 7,881 6,957 


‘ 
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variance plus half of the dominance variance and more than half of the epistatic 
variance. Subtracting from this difference the estimate obtained earlier (assum- 
ing negligible epistasis) for the dominance variance yields 15.9% as an esti- 
mate of the combined effects of permanent, environmentally caused differences 
and a large share of the epistatic variance. 

Cross classification. This analysis was of the same information used in 
Table 2 in the hierarchal classification of all cows with maternal sisters. But 
the component obtained there for dams within sires is divided here into a dam 
component and a component for interaction between sires and dams. Separating 
the variances due to main effects (sire and dam) and those due to interactions 
would be biased if sire and dam were correlated. A small positive correlation 
of this kind might be in the present original data, because of a slight trend 
towards genetic improvement over the period studied. It would tend to make 
the sire and dam estimates slightly too large and the interaction estimate con- 
sequently too small. The inclusion of some environmental effects in the sire 
and dam components would have similar effects and is likely to have been large 
enough to have some importance in the original records, where time trends and 
herd differences had not been removed. Neither of these sources of bias are 
likely to have been large enough to make any material difference in the cor- 
rected records. 

If maternal effects or other environmental effects are unimportant, and 
sires and dams are unrelated, the sire and dam components both are expected 
to contain one-fourth of the additive variance and less than one-sixteenth of 
the epistatic variance. A real sire-by-dam interaction means that the production 
of daughters of a particular sire and dam deviates from what would be expected 
from the progeny averages of that sire and that dam. If the average production 
of several daughters of a sire, from a random sample of dams, is 40 lb. of fat 
above the herd average, and if the average production of several daughters of 
a dam, by a random sample of sires, is 20 lb. of fat above herd average, then 
the expected average production of daughters of this particular dam by this 
sire would be 60 Ib. of fat above the herd average. Deviations from the expected 
result could be due to dominance, to epistatic effects, to environment and geno- 
type interactions, and to sampling errors. 

The components obtained from this analysis are given in Table 4. The 
amount of evidence is much the same as in Table 2, the main difference being 


TABLE 4 
Components of variance—cross classification 

Original records Corrected records 
Source Value Per cent Value Per cent 
vV(S) 643 8.2 273 4.0 
V(D) 458 5.8 173 2.5 
V(SD) — 37 as 126 1.8 
V(C) 1,725 22.0 1,757 25.7 
V(E) 5,001 63.9 4,514 66.0 


Total 7,827 6,843 
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that the second line in Table 2 is separated into the second and third lines in 
Table 4. A purely genetic interpretation of the sire, dam, and interaction com- 
ponents seems much more justified for the corrected records than for the original 
records, since the latter were more vulnerable to year-to-year changes in en- 
vironment. The sire-by-dam interaction is 1.8%, a small amount. This suggests 
again that deviations from the additive scheme of gene effects are probably 
unimportant. However, the breeding values of dams and of some sires are 
obtained on the performance of only a few daughters, mostly two. Consequently, 
the amount of information available concerning the interaction component is 
too small to guarantee that it was estimated very accurately. 

Confidence limits. The components obtained in these analyses are useful so 
far as one can infer from them the parameters in the population which the 
sample represents. If the distribution of the variances were normal, in addition 
to the other assumptions made, confidence limits on parameters in the population 
ean be obtained from these estimates as, for example, by the method of Bross 
(1). The confidence limits of the components shown in Tables 2 and 3 are 
given in Tables 5 and 6. 

TABLE 5 
Confidence limits—hierarchal classification 


95 per Cent 


Variance of Standard confidence 

Component Value component error limits 
vV(S) 271 8,146 90.2 94— 448 
V(D) 299 65,432 255.8 0— 800 
V(C) 1,757 70,344 265.2 1,237-2,277 
V(E) 4,514 8,846 94.1 4,330-4,698 


Osborne and Paterson (13) give a method of getting the variance of heri- 
tability estimates, which are ratios of components of variance. The 95% confi- 
dence limits of the heritability estimate thus obtained from the sire component 
are 6 and 26%. Similarly, the 95% limits on the estimate obtained by using 
the full sister records, which includes half of the dominance variance, are 1 
and 24%. These confidence limits and those in Tables 5 and 6 should be viewed 
with considerable caution, since it is not certain that the variance components 
are independent and little is known about their distribution. 


DISCUSSION 


Differences from herd to herd and from year to year, mostly environmental, 
were about 16% of the total in Table 1. Such differences are a major source 


TABLE 6 


Confidence limits—full sister classification 
95 per Cent 
Variance of Standard confidence 
Component Value component error limits 
V(FS) 438 49,890 223.4 O- 876 
V(C) 1,598 74,924 273.7 1,062-2,134 


V(E) 4,921 37,927 194.7 4,539-5,303 
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of error in proving bulls in natural service, because they tend to be alike for 
all daughters of a bull and do not diminish as the average is based on more and 
more daughters. When a bull is proved artificially his daughters are usually 
in many herds and this source of error becomes more nearly random from 
daughter to daughter. For example, if the sire component is 4% and the herd 
and year components total 16%, as was approximately true in these herds, but 
all the rest of the variance was random among paternal sisters, then increasing 
the number of daughters makes the correlation between sire’s breeding value 
and his daughter average approach \/.20 as a limit if all his daughters are 
contemporary in one herd, but it can approach 1.0 if each daughter is in a 
different herd. Also, in the former case most of the gain in accuracy is achieved 
with the first few daughters and little more is accomplished by making that 
number much more than five, while in the latter case considerable accuracy can 
still be gained by increasing it even past 20. Points such as these are considered 
in some detail by Lush and MeGilliard (11) and by Carter (2). 

In theory, these environmental effects which are alike for all daughters of 
a sire but vary from group to group could be reduced either by preventing the 
environmental differences from occurring or by correcting the data subsequently. 
The former is usually not completely practical, either because of physical ob- 
stacles or because the cost is prohibitive. In Denmark, testing stations were 
planned to progeny-test bulls under a standardized environment in which 
daughters from different herds could perform, yet Robertson and Mason (16) 
and Touchberry (17) found extra variation between progeny groups at the 
stations that was not repeated in the field. Correcting the data for the effects 
of uncontrolled environment is usually cheaper but always incomplete. The 
group effects are not always identified and, even when the environmental differ- 
ences are known, the proper corrections for them are always at least a little 
uncertain. 

The 16% found here for herd differences and herd-by-year interactions is 
smaller than has been found in most studies (4, 6, 14, 15). However, Johansson 
and Hansson (8) found only 6.4% for the herd differences among 13 herds of 
Swedish Red and White cattle ovey a 15-yr. period. This corresponds to the 
general herd component of between 5 and 6% here. That the differences among 
herds here were smaller than usual seems to need explaining. The 12 herds 
here were all fairly large and 11 of them were under a single administrative 
control for most of the period. This may have standardized the management 
and feeding more than in the general D.H.I.A. population of Iowa. Another 
conjecture is that, since their main purpose was to supply milk for use by the 
inmates of these institutions, rather than to make a profit, the feeding and care 
of the cows may not have been allowed to vary with feed prices, the seasonal 
need for diverting labor to other farm enterprises, ete., as much as happens on 
farms which are geared more closely to prices and costs and which set less 
importance on steadiness of output. 

The corrected first lactations averaged about 15 lb. higher than other records. 
Possibly, the early records of a cow are over-corrected for age. It is also possible 


| 


160 D. SUNDARESAN AND A. E, FREEMAN 


that many of the records made later in life are affected by adverse conditions, 
such as subclinical mastitis, or other udder damage, nutritional depletion by 
the previous lactation, etc. The values of most components when all the records 
were used agreed closely with those when only the first records were used, sug- 
gesting that differences between first and other records did not have serious 
effects on the analysis. 

The mean square remaining after herd, year, and season differences and 
their interactions were removed was about 7% larger when all records were used 
than it was when only the first records were used. The difference was too large 
to be attributed reasonably to sampling errors alone. The explanation may lie 
in the fact that the first records are not affected by variations in such factors 
as previous calving interval, length of previous dry period, depletion of nu- 
tritional reserves by previous production, ete. 

Additivity of effects and independence of variables were assumed in esti- 
mating the components. The cows mated to the same bull in any herd are always 
correlated a little, since they are contemporaries and some are half sisters or 
otherwise related, slightly, but the environmental part of this would mostly 
have been removed by expressing the records as deviations from the average 
of that herd in that year. A little genetic correlation might remain from such 
practices as mating the daughters of one sire to one bull and the daughters 
of other sires to another bull. Freeman and Henderson (3) found an average 
relationship of 0.07 among contemporary animals in 11 commercial herds in 
New York. In each herd in the present investigation, two or more sires were 
in use at nearly all times and this relationship would be less. A relationship 
of 0.07 between dams, but zero between sire and dam, would make the covariance 


between half-sisters contain of the additive variance. Then, the sire com- 


ponent should have been multiplied by 3.7 instead of 4 to estimate the additive 
variance. Thus, if the sires’ mates were related to each other, the estimate of 
heritability as obtained here from the sire component is slightly higher than 
it should be. However, the difference would be small and the relationship 
between the mates of a bull wouid surely be less than .07 in the present data. 
The effect of this correlation between dams can probably be ignored with little 
error. 

The 12th herd had been closed to outside breeding for some 20 yr., but was 
operated as a single population with no attempt to subdivide it into separate 
inbred lines. The inbreeding was slight, the average having reached only 11.8% 
among the cows which calved in 1954. It would tend to make the additive 
variance in the intraherd components only (1-F) as large as if the herd had not 
been closed. Therefore, in this herd the sire component should have been multi- 
plied by 4.5 (instead of 4) to estimate what the additive genetic variance would 
be in a noninbred population (20). Other herds in the investigation were of 
about the same size, but were not closed to outside breeding and inbreeding was 
avoided in them. 

The genetic analysis utilized the records of only those cows whose dam had 
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at least two daughters. This can not have introduced any serious bias into the 
analysis, since this criterion eliminated cows whose dams remained in the herd 
for several lactations but had only one daughter come into production, as well 
as cows whose dams were culled because of low production in their first lactation. 

The num rous heritability estimates obtained for butterfat production in 
dairy cattle vary somewhat. A few workers have offered evidence that herita- 
bility estimates differ depending on the production level of the herds. In many 
cases, the differences in heritability estimates are so small that they could be 
due to sampling errors. The numerator, which is the covariance between rela- 
tives, may in some studies still include some covariance from environmental 
differences. If real differences in heritability do exist, several explanations are 
possible. The environmental part of the total variation in fat production may 
differ under different circumstances. Then, the denominator of the ratio would 
vary and this could be responsible for at least small differences in the estimates. 
In a study by Johansson, using cows with five records each (7), the total mean 
squares in fat production were 4,066 and 6,277 for low herds and high herds, 
respectively. Both figures are considerably less than the total variance of over 
7,000 found in the present investigation. However, the coefficient of variation 
was 25.4% in the low herds and 22.5% in the high herds in the Swedish data 
and 21.9% in our investigation. 

This investigation suggests that deviations from the additive scheme oi 
inheritance are unimportant for fat production. Freeman and Henderson (3) 
caleulated, from records of 1,210 Holstein animals in 11 commercial herds, 
that the average correlation for dominance deviations between related but non- 
inbred cows was 0.007. From this, they concluded that the dominance portion of 
the total variance would contribute little to the total genetic covariance between 
related animals in commercial dairy herds, even if the total amount of dominance 
variance were large. 

In these data, as in most investigations, much of the total variance (in this 
ease more than 50% of it) remains unexplained. Part of this could be due to 
genotype and environment interaction. However, earlier work suggests that 
such interactions are small. Hickman and Henderson (6) found that 2.4% of 
total variance was due to herd-by-sire interaction. Wadell and MeGilliard (21) 
found negative values for the same. Legates, Verlinden, and Kendrick (10) 
coneluded from rather extensive data collected throughout the United States 
that herd-by-sire interactions were not of major importance. Much of the 
variance left unexplained may be due to micro-environmental influences, as 
discussed by McBride (12). If these unknown factors are distributed at ran- 
dom, the estimates of the factors considered in this investigation remain un- 
biased ; otherwise, these estimates include parts of the effects of these unknown 
factors, depending on the kind and extent of the nonrandomness. 
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EFFECT OF GLUCOCORTICOIDS ON THYROID FUNCTION 
OF CATTLE! 


C. W. TURNER, G. W. PIPES, anp B. N. PREMACHANDRA ” 
Department of Dairy Husbandry, University of Missouri, Columbia 


SUMMARY 


The influence of two glucocorticoids upon the thyroidal-I™ release rate of cattle is 
reported. After the normal release rate of each animal was determined during a five-day 
period (recycling of I™ blocked by a goitrogen), seven cows were injected with hydro- 
cortisone at the rate of 75 mg/100 lb. body weight per day for six days. Of these cows, 
five showed varying degrees of depression of thyroidal-I™ release, whereas two showed 
an inereased release rate. Meticorten, a synthetic glucocorticoid, injected in eight heifers 
at the rate of 40 mg/100 lb. body weight per day, showed a variable increased release rate 
in six animals, whereas two showed a slight depression. These data suggest that hydro- 
cortisone at the level administered tends to depress thyrotropin and thyroxine secretion, 
whereas meticorten tends to stimulate thyroid function. The causes of the individual differ- 
ences in response in cattle to these glucocorticoids is not known, but may be related to 
individual secretion rates of other hormones. It is suggested that cattle with low thyroxine 
secretion rate, which is further depressed by increased secretion of hydrocortisone 
associated with parturition, would show low PBI and high 17-hydroxy-corticosteroid 
values characteristic of cows with ketosis. 


The relation of the pituitary adreno-corticotropic hormone (ACTH) to the 
regulation of secretion of the glucocorticoids has been considered generally to 
be related to the phenomenon of stress and to that extent unfavorably influences 
both growth and milk secretion. However, it should be recognized that the 
hormones of the adrenal cortex are essential for life, for upon adrenalectomy 
survival is of short duration without replacement therapy. Thus, the secretion 
of the hormones of the adrenal cortex are of fundamental importance in normal 
animals. 

Further, the adrenal cortical hormones play an important role in the lacta- 
tion process. In hypophysectomized animals, lactation can be initiated (7, 13) 
or maintained (5) only by the simultaneous administration of lactogen and 
ACTH or the adrenal cortical hormones. 

The adrenal glucocorticoids received their name from their capacity to cause 
the deamination of amino acids. Following the removal of the NH» group, the 
carbohydrate residue of many amino acids can be converted to glucose in the 
liver. As a result, the blood glucose can be increased and, thus, glucocorticoids 
are useful in the treatment of ketosis in cattle (23), or the excess glucose can be 
stored in the body as glycogen. The deamination of amino acids, however, 
decreases their availability for somatic growth or the synthesis of milk proteins 
and thus depresses growth and milk secretion. 
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In our study of factors influencing the thyroxine secretion rate of dairy 
cattle, it has been shown that estrogen at a level of .3 mg/day/100 lb. body 
weight stimulated a significant increase in thyroidal-I'*' release rate (15). In 
a further study, estrogen was shown to increase thyroxine secretion rate (16). 
These data suggest that the increased secretion of estrogen in late pregnancy (6) 
not only stimulates increased secretion of lactogenic hormone, but thyrotropic 
hormone and thyroxine as well. 

It has been suggested by some that parturition is a stressful condition and 
as such it would be expected that increased release of ACTH and increased 
secretion of glucocorticoids would be stimulated (21). Brush (4) reported a rise 
in plasma glucocorticoids in some cows a few days before calving, in one case 
in association with a difficult parturition, and in others for several days after 
calving. In spite of the possible increase in glucocorticoids postpartum, ketosis 
occurs most frequently during the first 3 wk. following calving. 

Robertson et al. (19, 20) noted that plasma 17-hydroxycorticosteroid values 
of cows with ketosis were significantly higher than for normal cows, whereas the 
PBI values were lower for cows with ketosis than for normal cows. These 
observations are of significance in the light of the observation by Reece (18) 
that thyroprotein was of value in the treatment of ketosis. The beneficial effect 
of thyroxine in ketosis may be due to the increase in blood sugar observed by 
Graham et al. (8) and Smith and Dastur (24) upon the administration of 
thyroxine. 

These data are of interest and significance in relation to the general problem 
of the interrelation of the adrenal cortex and its hormones and the thyroid 
gland and thyroxine secretion. Money (11) and Ingbar and Freinkel (10) have 
reviewed the literature in this field. ; 

During recent years, with I'*' available, three indices of thyroid gland 
function have been suggested; namely, I'*! uptake, thyroidal-I'*! release rate 
(with and without recycling depressed with a goitrogen), and thyroxine secretion 
rate determination. 

The literature concerning the influence of either ACTH or the glucocorticoids 
in respect to thyroid function is very confusing. The majority of the studies 
indicate that these compounds depress or have no influence on ['*! uptake. In 
regard to thyroidal-I'*! release rate, studies indicating a decreased release rate 
have been reported by Myant (12) in the rabbit, Brown-Grant (3) in the rat, 
Sherer and Siefring (22) in man, no effeet by Perry (14) and Albert et al. (1) 
in the rat, and an inerease by Beck (2). 

Due to the lack of uniformity in the literature in regard to the role of 
glucocorticoids in thyroid function, it seemed desirable to study their influence 
in dairy cattle. It was hoped that the observations would contribute to an 
understanding of the influence of the stress of parturition upon thyroid function 
at this time. 

EXPERIMENTAL METHODS 


Nonlactating, mature, and immature dairy animals of several breeds were 
g, 
given 300 ye. of carrier-free NaI’ intravenously. After maximum uptake of 
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1'8! by the thyroid gland (three days) 24 g/day thiouracil was given by gelatin 
capsule to prevent recycling, and daily measurements of thyroidal-I'*! were 
made (17) for a five-day control period. Hydrocortisone (cortisol-hydrocortone ) 
at 75 mg/100 lb. body weight or meticorten at 40 mg/100 lb. was administered 
subcutaneously during a six-day test period. Potassium chloride was 
administered at the rate of 14 g. per 1,000 lb. body weight to prevent excess 
potassium loss due to the glucocorticoids. 

Release rates of thyroidal-I'*' were calculated according to the method 
previously deseribed (15), with the term k’”’4 being employed for release rate 
constant per hour during thiouracil administration. For comparison, the daily 
percentage release rate is presented. These values indicate the percentage of 
the total I'*! present in the thyroid glands which is released each 24 hr. Com- 
parison of the release during the control period, with the release during the 
administration of the glucocorticoids, indicates the effect of the hormone on the 
TSH secretion and, indirectly, on the secretion of thyroxine. 


RESULTS 


The two chief glucocorticoids secreted by the bovine adrenal gland are 
hydrocortisone and corticosterone in a ratio of 1:1(9). Hydrocortisone should, 
therefore, be representative of the natural hormone secreted by cattle when 
stimulated by ACTH. The release rate of thyroidal-I"! from the gland, when 
the recycling of I'*! is prevented by a goitrogen, follows an exponential decline 
(a straight line when plotted on semilog paper). The release rate is believed to 
be dependent upon the rate of discharge of thyrotropic hormone (TSH). If 
hydrocortisone influences the rate of secretion or discharge of TSH, then the 
release of thyroidal-I'*! will be increased or decreased accordingly. 

It will be noted that hydrocortisone, at the level administered, tended to 
depress thyroidal-I'*! release to varying degrees in five of the seven cows (Table 
1). In two other cows, there was a slight increase in one and a more marked 
increase in the second. These data indicate considerable variability: in individual 
response in dairy cattle to hydrocortisone, although in the majority of the ani- 
mals the tendency was to inhibit thyroidal-I'*! release, which indicates depression 
of TSH secretion or release and, in turn, depression of thyroxine secretion. 

Meticorten (Prednisone). This is a synthetic cortisone-like compound pro- 
duced by dehydrogenation at Positions One and Two of the cortisone nucleus 
(Figure 1). It has gluconeogenic action comparable to hydrocortisone but is 
claimed to be more potent. It has been suggested for use in treatment of ketosis 
in dairy cattle. 

In contrast to the effect of hydrocortisone, meticorten stimulated a variable 
increased release of thyroidal-I'*! in six of eight experimental animals. Two 
animals showed a slightly depressed release rate (Table 2). These observations 
indicate that meticorten tends to increase thyroxine secretion in most, but not 
all, animals. 

Paired ‘‘t’’ tests of data (Tables 1 and 2) indicate with both compounds a 
lack of change of statistical significance. However, it is believed that the obser- 
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CH20H CH>0H 
=O 
HOW Ox | OH 
CH ¢ 
Oo 
21-TRIOL-3, 20- DIONE 21- DIOL- 3, 11, 20-TRIONE 
17-HY DROXY CORTICOSTERONE (METICORTEN) 
(HY DROCORTISONE) 


Fig. 1. Struetural formula of hydrocortisone and synthetic glucocorticoid, meticorten 
compared, 


vations are physiologically significant in spite of the variation of response 
observed. It s suggested that individual animal differences in the interaction of 
the various hormones play a role in the observed results. Thus, it is possible 
that the glucocorticoids synergize with other hormones in producing effects upon 
TSH secretion. If such hormones are secreted in optimal amounts the gluco- 
corticoid response might be increased, whereas if other hormones are secreted at 
low levels the response might be minimal or reversed. This possibility will be 
explored. 


DISCUSSION 


The relation of the adrenal glucocorticoids to the functional activity of the 
thyroid gland is of great interest. Is there a tendency for these hormones to 
stimulate or depress thyroxine secretion? Under situations of stress, where it 
is expected that increased secretion of the glucocorticoids would be observed, 
the stressful condition itself might influence thyroxine secretion as well. In the 
present experiment, the direct administration of the glucocorticoid should 
indicate its uncomplicated effect on thyroid function. 

These data show that hydrocortisone tended to depress thyroidal-I'*! release 
and TSH and thyroxine secretion in most of the animals. The cause of the 
variability in response of the individual animals is not evident. The normal 
thyroxine secretion rate of each of these animals is presented (Table 1). It will 
be noted that the two animals which showed increased thyroidal-I"*! release were 
relatively higher secretors of thyroxine, but one animal in the other group 
secreted thyroxine at the same level. 

Our data suggest that at the time of parturition thyroxine secretion tends 
to be inereased as a result of estrogen. To the extent that increased secretion of 
glucocorticoids is stimulated by stress or other related conditions, an opposing 
depression of thyroxine secretion might occur in many animals. Thus, in cows 
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with a low normal thyroxine secretion, the further depression of thyroxine 
secretion by hydrocortisone associated with parturition might be a factor in the 
etiology of ketosis at this time. 

In other words, physiological ketosis might be due, primarily, to a low normal 
thyroxine secretion rate, further depressed by increased secretion of the adrenal 
glucocorticoids. If this is true, then ketosis would be favorably influenced by 
thyroxine or by the feeding of thyroprotein. This would explain the favorable 
report of Reece (18). Since ketotie cows show a low blood sugar level and 
Graham et al. (8) and Smith and Dastur (24) showed that thyroxine increased 
the blood sugar level of cows, the low thyroxine secretion rate could have a 
depressing effeet on blood sugar. If this is true, the restoration of normal blood 
thyroxine levels would have a favorable effect on blood sugar. This would be 
augmented by the effect of the glucocorticoids in their capacity to provide blood 
glucose from deaminated amino acids. 

The observation that meticorten tends to stimulate an increased release of 
thyroidal-I"*! (and thyroxine secretion) in six of eight cows is quite surprising 
in relation to our observations on hydrocortisone. Both compounds have gluco- 
neogenie properties and react similarly in respect to other biological functions. 
It is possible, of course, since both compounds show variability in response from 
depression to stimulation of thyroidal-I'! release, that no true difference exists 
between the compounds and that the variation observed is due to as yet unrecog- 
nized differences in the endocrine balance of the animals, causing in some a 
stimulation and in others a depression of thyroid function. 


The present data, however, indicate that meticorten tends to stimulate 
thyroxine secretion and, if so, would have a more favorable action in the treat- 
ment of ketosis, to the extent that low thyroxine secretion is related to the 
etiology of ketosis. 
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TECHNICAL NOTES 


OBSERVATIONS ON AMMONIA AND VOLATILE AMINES IN MILK? 


Ammonia is recognized as a trace compo- 
nent of fresh milk (1, 4, 5). However, no in- 
formation is available concerning the possible 
presence of trace amounts of free volatile 
amines in fresh milk. This investigation was 
made with the following objeetives in mind: 
(a) to develop procedures for quantitative ex- 
traction and chromatographic analysis of am- 
monia and volatile amines from milk, and (b) 
to apply these methods for the determination 
of ammonia and volatile amines in milk of 
varying flavor quality. For the purpose of the 
latter objective, fresh milk samples which 
possessed either good or feed flavors were 
subjected to solvent extraction and the free 
ammonia and volatile amines thus obtained 
were analyzed by gas-liquid chromatography. 

The extraction procedure, developed experi- 
mentally, was as follows: (a) a 20-ml. aliquot 
of acid whey was made alkaline to phenol red 
with N NaOH; (b) 100 ml. of ethyl aleohol, 200 
ml. of ethyl ether, and 200 ml. of petroleum 
ether were added to the whey in a separatory 
funnel and the contents shaken vigorously and 
separated; (c) the extraction procedure was 
repeated twice, except that only 50 ml. eth- 
anol was used in the second extraction and 
none was used in the third extraction; (d) the 
extracts were combined and acidified with 
0.1 ml. of concentrated hydrochloric acid to 
form nonvolatile chloride salts; (e) the sol- 
vents were evaporated under a hood and the 
residues were dried in a caleium chloride desic- 
eator for 8-12 hr.; (f) the dried samples then 
were dissolved in a minimum amount of ethyl 
ether, transferred to a 10-ml. volumetrie flask, 
and two drops of distilled water were added; 
(g) after vigorous shaking, 0.3 g. crushed 
sodium hydroxide pellets were added and the 
flask was shaken vigorously again; (h) the 
volume within the flask was adjusted to 10 
ml. with ethyl ether and a 5-ml. sample was 
used for chromatographic analysis. 

The gas-liquid chromatographic technique 
used was a modification of that of James et al. 
(3) and Hankinson et al. (2). A 6-mm., 48-in. 
glass column was packed with acid-treated 
Celite 545 and a fixed liquid phase (20%) 
consisting of 85% undeeanol (Carbide and 
Carbon Co., Ine., New York) and 15% liquid 
paraffin. This combination was added to 32 in 
of the column and the remaining 16 in. was 
packed with dry celite. The packed column 
was pretreated by heating to 130° C. for 30 
min. 


*Technical Paper 14-60, The Department of 
Dairy Technology, The Ohio Agricultural Ex- 
periment Station, Journal Article 51-60. Sup- 
ported by Hatch Funds through the O.A.E.S. 


The sample was added to the column as 
follows: (a) 0.5 ml. of ethyl ether was intro- 
dueed and followed by 5 ml. of the sample 
ether mixture; (b) dry nitrogen was applied 
at a constant pressure of 60 em. of mercury. 
Five minutes after the sample was added, 
glycerol was cireulated through a jacket sur- 
rounding the chromatographic column and the 
temperature of this medium was gradually 
raised from 25 to 130°C. over a period of 
50 min. The compounds eluted from the col- 
umn were collected in distilled water which 
had been neutralized with N/100 sodium hy- 
droxide to the end point of phenol red. As 
the compounds were collected in the distilled 
water, continuous titrations were made with 
N/100 hydrochloric acid and burette readings 
were taken at 1-min. intervals to indicate the 
amount of volatile akaline compounds eluted. 

Analyses of ammonia and individual amines 
were made to establish retention times and 
then the method was applied to known mix- 
tures. The temperature gradient, separation, 
and retention times of a known mixture of 
amines and average recovery of these com- 
pounds from milk is presented in Figure 1 
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known amines and recovery of these compounds 
from milk. 


for ammonia, methyl, ethyl, n-propyl, n-bu- 
tyl, and n-hexyl amines. Resolution of this 
mixture was achieved except for the incom- 
plete separation of methyl and ethyl amines. 
The recoveries, which were reproducible within 
+ 5%, ranged from 68% for methyl amine 
to 88.3% for n-hexyl amine. Separate trials 
revealed. that di-methyl and tri-methyl amines 
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had the same retention time as methyl amine 
and that isopropyl amine had the same reten- 
tion time as ethyl amine. 

The method was applied to milk and three 
compounds were isolated and tentatively iden- 
tified by retention times as ammonia, n-propyl 
amine, and n-hexyl amine. Aliquots of these 
eluates were collected in liquid nitrogen and 
compared with known compounds by Infra 
Red spectroscopy using a Beckman IR-5 in- 
strument, which confirmed the _ tentative 
identifications. 


Subsequently, the ammonia and _ volatile 
amine contents were determined for 21 sam- 
ples of fresh raw milk obtained from indi- 
vidual cows. Eleven of the samples were se- 
lected by a panel of four judges as having 
good flavor and exhibiting no detectable off- 
flavors. The ten other samples were obtained 
from individual cows fed chopped meadow 
erop or silage 1 hr. before milking, and each 
exhibited a strong feed flavor. The results of 
analyses of these milk samples for ammonia 
and volatile amines are in Table 1. Ammonia, 


TABLE 1 


Ammonia and volatile amines in raw milk 


and 
higher boiling 


No. of Ammonia C,-Cs Amines point amines 

Milk source Flavor samples Range Av. Range Av. Range Av. 
Panel selected Good flavor 11 3 -3.0 1.1 5-1.7 0.9 0.5-1.7 1.0 
Corn silage fed Strong feed + 0.24-0.4 0.4 0.9-2.5 1.7 0.7-2.4 1.4 
Grass silage fed* Strong feed 3 0.2 -1.5 1.2 1.4-2.5 1.8 0.9-2.0 1.4 
Cut grass fed* Strong feed 3 0.2 -0.5 0.4 1.7-2.4 2.2 1.6—-2.2 2.0 


“Same meadow crop source fed 1 hr. before milking. 


n-propyl amine, and n-hexyl amine were found 
in all samples. The ammonia content ranged 
from 0.3 to 3.0 »M/10 ml. in good-flavored 
milk and from 0.2 to 1.5 in the feed-flavored 
milk. The ranges for propyl amine were from 
0.5 to 1.7 ».M/10 ml. in good-flavored milk and 
from 0.9 to 2.5 »M/10 ml. in feed-flavored 
milk. Values for hexyl amine ranged from 
0.5 to 1.7 »M/10 ml. in good-flavored milk 
and from 0.7 to 2.4 »M/10 ml. in feed-flavored 
milk. The limited data suggest a possible re- 
lationship between the propyl and hexyl 


TABLE 2 
Effect of added amines on milk flavor 


Concentration 
Compound level Flavor 
added 4#M/10 ml.* response 
Ammonia 2-3 No effect 
+ Slight medicinal 
Methyl amine 1 Metallic 
Ethyl amine 1 Medicinal 
2 Slight feed, me- 
dicinal 
n-Propyl amine 1.7 No effect 
2.2 Slight feed 
2.7 Slight feed 
6.7 Unelean, slight 
cowy 
n-Butyl amine 1.0 No effeet 
1.5 Cowy 
3.0 Feed, malty 
n-Hexyl amine 1.6 No effect 
2.1 Weed 
2.6 Weed, feed, green 
grass 
6.6 Chemical medicinal 


* Corrections made for ammonia, n-propyl and 
n-hexyl amine content of the milk. 


amines and feed flavor. Those compounds 
found in milk and methyl, ethyl and n-butyl 
amines were added individually to good-fla- 
vored milk to determine their effect on flavor. 
An experienced taste panel of ten members 
evaluated the samples. The results are pre- 
sented in Table 2. Several of the amines, 
especially n-hexyl amine, produced an off- 
flavor described as green grass, weed, or feed, 
when present in the concentrations found in 
feed-flavored milk. 


SUMMARY 


A gas-liquid chromatography method was 
developed for milk and applied to good and 
feed-flavored milks. All fresh milk contained 
ammonia, propyl and hexyl amines. Feed- 
flavored milk contained higher concentrations 
of n-propyl and n-hexyl amines than were 
found in good-flavored milk. Addition of 
these amines to milk revealed that they caused 
a weed or feed type flavor. 


D. D. 
W. J. Harper 
C. L. HanKINSON 
Department of Dairy Technology 
The Ohio State University, 
Columbus, 

AND 
The Ohio Agricultural Experiment 
Station, Wooster 
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OBSERVATIONS ON THE ACCURACY OF THE GRADUATIONS OF 
BABCOCK SKIMMILK TEST BOTTLES 


Some time ago, we were asked if the in- 
strument we had used to check the accuracy 
of Babeock milk test bottles could be used to 


TABLE 1 


Errors found in the graduation of 24 Babcock 
skimmilk test bottles 


Stand- 

ard de- 

Measured value viation 
from 

Per cent Maxi- Mini- marked 
marked Mean mum mum value 
0.10 .1004 .104 .098 .0015 
0.20 -2005 .205 .0025 
0.30 .3011 .310 .293 .0035 
0.40 410 .388 .0044 
0.50 4994 515 485 .0055 


J. Dairy Sei., 43: 690. “1960. 


test skimmilk bottles.’ The bottles were to be 
used for the measuremert of lipids in blood. 
Such measurements would require some modi- 
fication of the instrument, but we agreed to 
try, and we have succeeded in measuring the 
errors in a set of 24 bottles. 

So far as we know, there are no legal speci- 
fications governing the accuracy of such bot- 
tles, and no state agency examines skimmilk 
test bottles for accuracy. For that reason, we 
thought others might be interested in our 
data. We believe that the errors in the indi- 
vidual measurements do not exceed 0.2 divi- 
sion and, in most eases, the error is less. 


B. L. Herrineton 


Department of Dairy and Food Science 
Cornell University, Ithaca, New York 


PRODUCTION OF ISOVALERIC ACID FROM LEUCINE 
BY BACTEROIDES RUMINICOLA 


Certain branch-chained volatile fatty acids 
such as isovaleric acid are essential for the 
growth of several species of cellulolytice ru- 
minal bacteria (1, 3). Such acids are produced 
from mixtures of amino acids incubated with 
the mixed ruminal population (5). It has 
been suggested that the preeursor of isovaleric 
acid is leucine (4,5). The species of ruminal 
microorganisms which convert amino acids 
to branch-chained volatile fatty acids have 
not been identified. 

Recent work indicates that Bacteroides 
ruminicola plays an important role in produc- 
tion of ammonia from amino acids in the 
rumen (2). Further studies indicated that 
ammonia production from single or pairs of 
amino acids by washed suspensions of B. ru- 
minicola subsp. brevis (Strain 118B) was 
erratic and the only amino acids that on 
oceasion gave definitely detectable ammonia 
production were DL-serine, L-aspartic acid, 
and u-cysteine. However, casein hydrolysates 
gave consistently good ammonia production. 
It was believed that perhaps with more sensi- 
tive methods the breakdown of other amino 


acids could be detected. The present studies 
were done to determine if this bacterium 
produces from amino acids any of the branch- 
chained volatile fatty acids required by the 
eellulolytic bacteria. 

Studies, to determine if the branch-chained 
acids essential for growth of the cellulolytic 
organisms were produced, involved the in- 
cubation of acid-hydrolyzed casein (6 mg. per 
milliliter) with a washed suspension of the 
bacterium for 20 hr. at 37° C. in CO.-biearbon- 
ate buffer under anaerobic conditions. The 
acid volatile fraction was separated from the 
reaction mixture by steam distillation and 
concentrated under alkaline conditions. The 
quantity of essential branch-chained volatile 
fatty acids produced was estimated by micro- 
biological assay, utilizing a medium similar 
to that of Allison et al. (1), but with volatile 
fatty acids omitted. The assay organism was 
Ruminococcus albus, Strain 7 (1). Similar 
steam distillations of the reaction mixture in 
which either casein hydrolysate or cells were 
omitted served as controls. The results in- 
dicated that approximately 1.8 »M per millili- 
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ter of isovalerie acid-replacing factors were 
produced by B. ruminicola from _ casein 
hydrolysate. 

Experiments were next undertaken to de- 
termine whether leucine was converted to a 
five-earbon volatile acid. Washed suspensions 
of the organism were incubated with 1 mg. per 
milliliter of acid-hydrolyzed casein and pi-2-C™ 
leucine. Aliquots, removed immediately, after 
5 hr. and after 24 hr. of ineubation, were 
steam-distilled under acid conditions. The C™ 
present in the residue and distillate was de- 
termined with a windowlcss gas flow counter. 
All samples were plated at less than 0.5 mg. 
per em.’, so that self-absorption was negligible. 
Measurements are reported as counts per min- 
ute (CPM) per 8-ml. reaction mixture. 

No radioactivity was present in the acid 
volatile fraction of the 0-hr. aliquot. After 
5 hr. of ineubation, the acid volatile fraction 
contained 48,000 CPM whereas the residue con- 
tained 220,400 CPM. After 24 hr. of ineubation 
the acid volatile fraction contained 87,300 
CPM and the residue contained 165,400 CPM. 
Thus, about 18% of the radioactivity from 
pL-2 C™ leucine was found in the distillate after 
5 hr. of ineubation, and approximately 34% 
was present after 24 hr. of incubation. 

In another experiment, with a more dilute 
cell suspension, 11% of the C“ appeared in the 
volatile acid after 20 hr. By column chromatog- 
raphy approximately 94% of the total radio- 
activity present in the acid volatile fraction 
was detected in the fraction containing valeric 
acids (6).* 

These results indicate that a strain of B. 
ruminicola subsp. brevis produces a_branch- 
chained volatile acid(s) which is required for 
the growth of other rumen bacteria, and that 
at least part of this acid is a valerie acid, pre- 
sumably isovalerie acid, produced from leucine. 
This production by a rumen bacterium of a 
factor necessary for the growth of another 
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rumen bacterium exemplifies the interdepend- 
ence of the mixed ruminal microbial population. 


H. A. BLADEN? 
M. P. Bryant 
R. N. Dorerscu 


Animal Husbandry Research Division 
Beltsville, Maryland 


AND 


Department of Microbiology 
University of Maryland, College Park 
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A SIMPLIFIED METHOD OF OBTAINING DIFFERENTIAL AND TOTAL 
VIABLE ANAEROBIC COUNTS OF RUMEN BACTERIA EMPLOYING 
SEALED SMALL-DIAMETER GLASS TUBING? 


Two major obstacles encountered when at- 
tempting to culture rumen bacteria are the 
difficulty in maintaining anaerobic conditions 
throughout, and the limited number of sam- 
ples which can be handled within a reasonable 
length of time. Sections of small glass tubing 
(4 mm. outside diameter, cut into 12-in. 
lengths) are employed in much the same way 
as are Burri tubes, in an effort to overcome 
these obstacles. These hold 1 ml. of culture 
medium and allow about 2 in. of gas space at 
both ends of the column of medium. 


The glass tubing sections are placed in a 
canister and sterilized in an autoclave before 
use. A 2-ml. sterile hypodermic syringe, fitted 
with a sterilized rubber adapter, is used to 
pull the medium into the tubing. The syringe 
is first filled with CO: gas and then fitted to 
one end of a section of glass tubing. The 
other end of the tubing is inserted in the mouth 
of a test tube containing medium with the 
desired dilution of whole rumen content, and 
the CO: in the syringe is exhausted through 
the tubing to remove all air. The end of the 
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tubing is lowered into the medium and 1 ml. is 
drawn into the tubing. The end of the tubing 
is then removed to just above the medium and 
the medium is drawn about 2 in. into the tub- 
ing. The tubing is removed from the test tube 
and the exposed end immediately sealed by 
flame. The syringe is disconnected and the 
other end of the tubing is sealed by flame. 
Since the filled sections of glass tubing are 
sealed, incubation is carried out in a water bath 
held at 39° C. for 72 hr. 

Counts of colonies are made, using a wide- 
field microseope at 30 xX magnification. Col- 
onies are counted and grouped according to 
colony characteristics. They are picked for 
further study by breaking the glass tubing at 
the site of the colony. This procedure is 
used routinely in this laboratory, and counts 
of total viable anaerobic bacteria ranging 
through 10° per milliliter of rumen content 
have been recorded. 

The Bryant and Burkey (1) RGCA medium 
and anzerobie dilution solution were employed 
in this method. Rumen samples were diluted 
through 10° or 10” in the anaerobic dilution 
solution. The dilution used in filling the glass 
tubing was made by adding 1 ml. of anaerobic 
dilution solution to 9 ml. of RGCA medium 
which had been liquefied and cooled to 48° C. 
Dilutions of rumen content which gave from 
25 to 100 colonies per glass tubing were em- 
ployed. All unsealed vessels containing dilu- 
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tion solution or liquid medium were kept under 
a stream of CO., which was passed through 
a washing column to remove traces of QO, (2). 

The advantages of this method are: (a) 
rapidity of preparation, (b) ease of counting 
and distinguishing colonies, (c) comparative 
ease in maintaining anaerobiosis, (d) ease in 
isolation of colonies for subeulture and micro- 
seopic observation, and (e) reduction of stor- 
age and incubator space. 


D. W. CLaypooL 
Don R. Jacopson 
F. WisEMAN 


Departments of Dairy Science 
and Microbiology 


University of Kentucky 
Lexington 


*The investigation reported in this paper is in 
connection with a project of the Kentucky Agri- 
cultural Experiment Station and is published with 
the approval of the Director. 
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OUR INDUSTRY TODAY’ 


WORKING WITH INDUSTRY ORGANIZATIONS 


R. B. Reprern 
Department of Animal Industry 
North Carolina State College, Raleigh 


This portion of our program is the result 
of a direct request from one of our members 
who wrote the program planning committee 
saying, “We would also suggest that a panel 
of experts be assembled to ,diseuss some of 
the special problems 
which dairy manufac- 
turing specialists en- 
counter in their work, 
especially when it be- 
comes necessary to deal 
with specific pieces of 
commercial equipment 
and specific processes 
developed by commer- 
cial people. Also, it 
would be of great in- 
terest to our group to 
have a discussion of spe- 
cial methods which have 
proved themselves in 
practice for dealing with organized groups in 
the dairy and food industry.” 

I know that all of you realize there is no com- 
mon answer to the first portion of the request 
regarding problems with special pieces of 
equipment and special processes developed by 
commercial concerns. But I will venture to 
say that all of you have this problem. If I may, 
I would like to change the word problem to 
opportunity. Because it is just that when a 
specifie piece of equipment or process reduces 
costs, changes a product in such a way as to 
increase consumption, or when new procedures 
and processes encourage use of dairy products. 
Isn’t all of this beneficial? Then why shouldn’t 
individuals dedicated to the development of 
new ideas, assist this program? If for no 
other reason we should cooperate in order to 
broaden our knowledge. Still a greater selfish 
motive would be to strengthen the ties between 
our educational facilities and our industries. 
If we are realistic we will recognize that edu- 
cation and business in its modern sense must 
be tied together if we are to progress as fast 
and as economically as we can. In North 
Carolina we think there is still a better reason. 
This is to assist industry in such a way that 
whenever they have a problem they will im- 
mediately think of North Carolina State Col- 
lege. In so doing, we can help chart the course 


R. B. Redfern 


‘The first three papers in this section were 
presented to the Dairy Manufacturing Extension 
Section at the 55th Annual Meeting of the Ameri- 
ean Dairy Science Association, June, 1960. 


of progress in industry and above all maintain 
good relations with the people who set us up 
in business. In other words, if it were not for 
the dairy processing industry, there would be 
no real need for Dairy Manufacturing Exten- 
sion Specialists. 


Since we have no stock answer to this ques- 
tion, let us cite an example of one specific 
piece of processing equipment and the methods 
that were used in North Carolina and which 
could apply to any state. I have reference to 
the use of flavor-removal equipment to process 
fluid milk. At this point, I would like to say 
that in carrying out a program of this nature 
there must be close cooperation between re- 
search and extension. In this case, it was more 
of a research project or application of prac- 
tical research, and the credit should go to the 
Dairy Manufacturing Section of North Caro- 
lina State College. When we analyze the pro- 
gram as it developed, we find that it falls into 
the following pattern: 


. Defining the problem. 

. Solving the problem. 

. Working with commercial equipment com- 
panies. 

. Working with regulatory and public health 
officials. 

. Convincing our dairy plants that they 
had a problem, and that we had a solu- 
tion. 

6. Assisting in the installation of and en- 
couraging the use of flavor removal 
equipment. 

7. Continuing to advise and assist when prob- 

lems develop. 


whore 


For years in North Carolina, to promote pro- 
duction of milk, we boasted of a 9- to 10-mo. 
grazing season and at the same time we told 
farmers to remove their cows from pastures 
after 1 to 2 hr. of grazing to prevent obnoxious 
flavors in the milk. We realized that grazing was 
the cheapest source of feed to the producers; 
yet, we also knew our customers would not 
drink the milk if the cows were allowed to 
graze without restriction. Thus, the problem 
was to utilize the grass we had been boasting 
of and still sell the milk. The consumers were 
not concerned with our grass problem; they 
were concerned with the flavor. 

A solution to the problem would be to let 
the cows eat the grass and then process the 
milk in such a way as to remove the flavors. 
We had known for many years that cream had 
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been vaeuum- and/or steam-treated. Could 
whole milk be treated in the same manner? 
We knew also that air bubbled through milk 
after it reached 145° and during a holding 
time of 30 min. could remove certain volatile 
flavors, if the vat cover was allowed to remain 
open. Was such a machine available that could 
be adapted to HTST pasteurization, or was 
such a machine available that would pasteurize 
milk and remove off-flavors at the same time? 
The vacreator or some similar type machine 
was a possibility. 

Thus, the next step was to work with a com- 
mercial company to get such equipment. Since 
the Vacreator was already being used by the 
butter industry, it was selected. There were 
others available, but the Vacreator appeared 
to have most of the features desired, espe- 
cially that of steam injection. The use of 
steam was considered important, because we 
knew that certain kinds of onion flavors would 
not volatilize under a temperature of 190° F. 
This, as you ean see, involved a selection of 
equipment, but no one could criticize us for 
the problem. Our problem in the main was 
onion and strong pasture flavors. At all times 
we kept the local regulatory officials aware of 
our intentions and problems and got temporary 
permission to proceed in every instance. We 
could not have asked for more cooperation. 
The only thing we had to do was to keep them 
informed. 


We made this selection of equipment with 
the knowledge that there might be some adverse 
comments. But we also knew that to obtain 
data in the shortest length of time it would 
have to be done this way. The real success of 
this decision was in the sharing of information 
with the various equipment companies without 
divulging trade secrets. 

The preliminary work was carried on some 
5 to 7 yr. in our college dairy plant and lab- 
oratory. The next step was to convince our 
dairy plants that the problem was theirs as 
well as the dairy farmers’, and to get at least 
one company to install a machine. In late 1954 
one of our larger independent dairies installed 
a Vacreator. During 1955 this operation was 
closely observed by producers, processors, and 
supply men, with each having a different ob- 
jective. The producer knew that its success 
could save him money, the processor knew that 
initially it would cost him money, and the 
supply men saw sales for thousands of flavor- 
removal machines. While all of this was going 
on, we made a survey to learn how much milk 
was being rejected annually because of off- 
flavors. A conservative figure showed over 
$300,000 worth of milk rejected annually which 
was a direct loss to producers. Processors esti- 
mated a 5 to 10% deerease in fluid milk sales 
in the months of March, April, and May, caused 
mainly by consumer resistance to the spring 
flavor. The combined figures showed an esti- 
mated loss to the industry of $500,000 annually. 


177 


These figures we publicized at producer meet- 
ings, county agent meetings, dairy processing 
meetings, ete. The result was that several plants’ 
producers offered to buy the machines for their 
plant. This, of course, served as the stimulus 
for several plants to install machines. In 1955, 
some five dairy plants purchased flavor-re- 
moval machines. 


At this point, another aspect of cooperation 
developed among plants. Those plants that had 
purchased machines allowed other processors 
to use them to determine whether they would 
remove the specific flavors contained in their 
producers’ milk. Our facilities at the college 
also were utilized. At least five companies 
brought cans of their worst milk with onion to 
the college dairy plant to be processed. One 
cooperative manager brought his board of 
directors. 


The next step was to assist in planning the 
installation of these machines and to continu- 
ally encourage the use of some type of flavor- 
removal machine. We never recommended one 
make of machine over another. I think evi- 
dence of this fact is that the various makes of 
flavor-removal machines are about equally dis- 
tributed throughout North Carolina. 


The final step, which is still in progress, is 
to assist the plants when they have trouble. 
One problem developed because of a change 
in boiler compounds. Another concerned the 
freezing point. Still others were related to 
the keeping quality. One or two plants reported 
that steam- and vacuum-treated milk did not 
have the shelf-life it should have. A visit to 
the plant and about three days of good sanitiz- 
ing procedures showed that the fault was not 
due to the vacuum and steam treatment. 

This is a long story to answer the first por- 
tion of the question, but we believe this ap- 
proach has been successful. In 1959, 85% of 
the fluid milk processed in North Carolina was 
through some type of flavor-removal equipment. 
This has been done since 1955. We know that 
our farmers are happier, and we seldom hear 
complaints from them about plants rejecting 
milk. The processors are happier. Fluid milk 
sales in North Carolina have increased four 
times as much as that of the United States. The 
equipment companies have sold thousands of 
dollars worth of equipment and have been 
stimulated to think of other possible sales. 

In answer to the second portion of the ques- 
tion regarding special methods that have proved 
practical in dealing with organized groups in 
the dairy and food industry, I am again going 
to cite an example of an organization that was 
founded in 1944, known as the North Carolina 
Dairy Foundation. On the back of the little 
folder that was sent out to all dairy farmers, 
processors, and supply men this year and in 
previous years, we find these words: 

“The Dairy Foundation was organized as a 
corporation in 1944. This nonprofit organiza- 
tion of dairy producers, dairy supplymen, and 
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processors raises funds for supplementing and 
supporting dairy research, teaching, and ex- 
tension work at North Carolina State College. 

“Purpose: Sixteen years ago, a group of 
dairy leaders recognized the need for know-how 
and the potential of an expanded dairy indus- 
try in North Carolina. By supporting State 
College and working together, this Dairy 
Foundation is helping meet the challenge of 
expansion. 

“Money: In seeking some plan whereby ev- 
eryone could participate in this fund-raising 
effort, the group adopted the June Dairy Month 
Edueational Plan. Under this program, dairy 
farmers contribute 5¢ per hundredweight on 
the amount of milk sold during June. Milk 
processors match this with an additional 5¢ 
per hundredweight on milk and 14¢ per gallon 
on ice cream. 

“The significant growth of the dairy industry 
in North Carolina has paralleled the beginning 
and development of the Dairy Foundation.” 

Since 1944 this organization has supple- 
mented research, teaching, and extension at 
North Carolina State College in the amount of 
$233,997. It has had a total income of $535,027. 
This does not include 1960, but we hope that 
the income this year will be about $35,000 to 
$40,000. 

As you ean see, this is considerable money, 
but its benefits go much further. As the Di- 
rector of our Foundations, L. L. Ray, so aptly 
stated—“It’s not the money we’re after—it’s 
the interest and support. We could have raised 
the money through the legislature but it would 
not have stimulated the interest or developed 
the feeling of ownership. As it is now each 
group—the producers, the processors, and sup- 
ply men—have a feeling of belonging and that 
they are a part of North Carolina State 
College.” 

This is the philosophy we have followed in 
all of our North Carolina programs, whether 
it be dairy, fertilizer, eggs, fruits, or what 
have you. We always put a man from industry 
to head the committee. Why? Beeause those 
people know their needs. Our job is to furnish 
the information. If we help them solve their 
problems then they will be glad to furnish the 
eapital to work on future anticipated problems 
and above all we will keep their companionship. 
As long as you can keep a speaking acquaint- 
ance with a person you ean advise him. 

As a result of this close relationship between 
producers, processors, and supply men, many 
things have been done either directly or indi- 


rectly. Here is a list of a few of the activities 
of the North Carolina Dairy Foundation and 
Industry organizations: 


1. A seholarship program sponsored by the 
North Carolina Dairy Products Associa- 
tion furnishing two $500 freshman, two 
$300 sophomore, and two $200 junior schol- 
arships in dairy manufacturing each year. 

2. A Tarheel supplymen’s professorship. 

3. Six graduate research assistantships fur- 
nished by Dairy Foundation. Two more 
are anticipated in 1960. 

4, Dairy Foundation has supported these ac- 
tivities : 

(a) Furnished funds for salaries for 1 
yr. for new persons relieving one who 
is retiring, in order that there will be 
no lag in the program. 

(b) Furnished money to supplement sal- 
aries of persons to establish a regional 
DHIA IBM record processing center. 

(c) Furnished funds to supplement sal- 
aries of professors to such a degree 
as to maintain a highly qualified staff. 

(d) Furnished funds for special visiting 
lecturer prograins to bring to campus 
outstanding scientists in the field of 
dairying, bacteriology, and related 
areas. 

(e) Furnished a portion of funds for a 
consumer marketing specialist. 

(f) Furnished funds not regulated by the 
General Assembly which meets every 
2 yr. Sometimes problems arise which 
can not be anticipated. Thus, another 
function of this source of revenue is 
that it provides flexibility to the dairy 
program. 


In summary, we can state that in working 
with industry in any way we must do these 
things: 

1. Create an atmosphere in which to serve. 

2. Be qualified to assist by keeping abreast 
of their problems. 

3. Stick to the facts and don’t worry too 
much about hurting the feelings of a seg- 
ment that opposes a controversial issue. 

4. Make sure there is some economic sig- 
nificance attached to the problem. 

5. Keep your industry informed of how their 
money is being used. 

6. Never refuse to give assistance when 
called! 
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COORDINATED STATE-WIDE PROGRAMS FOR PRODUCER’S MILK 
QUALITY IMPROVEMENT 


Evert WALLENFELDT 


Department of Dairy and Food Industries 
University of Wiseonsin, Madison 


After many decades of quality improvement 
work, obtaining consistently high quality milk 
from all patrons continues to be one of the 
most bothersome problems for most dairy plant 
operators. This is true for all of the dairy in- 
dustries, market milk as 
well as the manufac- 
tured milk industries. 

In the market milk 
industry, particularly, 
bacterial plate counts 
have been reduced mark- 
edly; but other phases 
of quality have re- 
gressed in some areas. 
In fact, with the adop- 
tion of more effective 
cooling techniques, some 
dairymen seem to have 
become less meticulous 
about real sanitation 
methods such as cleanliness in milking, clean- 
ing, and sanitizing of milking machines, uten- 
sils, ete. 

Surveys on many markets show that much 
attention is needed towards the elimination of 
common off-flavors. Recent happenings have 
emphatically called attention to the need for 
more effective programs on prevention of con- 
tamination with chemical adulterants such as 
antibioties, insecticides, and weed killers. In 
many areas, the seriousness of the mastitis prob- 
lem has become more acute. 

These are but a few of the illustrations that 
can be cited on problems of quality in raw 
milk. 


E. Wallenfeldt 


COORDINATED-INTERAGENCY PROGRAMS ON MILK 


QUALITY IMPROVEMENT 


A number of states have worked on inte- 
grated quality improvement programs for many 
years. In Wisconsin, these involve many de- 
partments within the College of Agriculture, 
as well as other agencies such as the State De- 
partment of Agriculture, the State Board of 
Health, the State Board for Vocational and 
Adult Education, dairy products associations, 
producers’ associations, and others. 


ESSENTIALS FOR SUCCESSFUL STATE-WIDE 
QUALITY PROGRAMS 


Experience indicates that the following are 
essential for consistent suecess with state-wide 
quality improvement programs: 

1. Favorable public opinion. 

2. Effective industry quality programs. 


3. A comprehensive quality code with con- 
sistently effective regulatory enforcement. 

4. Continual educational activities support- 
ing quality improvement at every oppor- 
tunity. 


DEVELOPING AND MAINTAINING FAVORABLE PUBLIC 
OPINION SUPPORTING QUALITY 
IMPROVEMENT 


The problems involved in developing and 
maintaining favorable public opinion can not 
be solved by any group alone. They require 
constant cooperation and understanding of all 
the key individuals in all of the agencies con- 
cerned, such as: (a) district extension leaders, 
(b) agricultural and home economies extension 
specialists, (c¢) county extension agents (agri- 
cultural, home economies, 4-H club, and farm 
and home development agents), (d) other edu- 
cational agencies such as the State Board for 
Vocational and Adult Education and the State 
Department of Publie Instruction, (including 
agricultural and home economics high school 
teachers and rural grade school teachers), (e) 
regulatory agencies like the State Department 
of Agriculture, the State Board of Health, 
city health departments, ete., (f) practicing 
veterinarians and other local professional lead- 
ers, (g) trade associations, and (h) service 
clubs and local business people who come in 
contact with dairymen. 

The cooperation of these people can usually 
be obtained by encouraging them to participate 
on committees and accept specific assignments. 
They can help by presenting certain phases 
of the problem to their associates, and by 
arranging with their groups for programs 
which involve activities related to quality 
improvement. 

The responsibilities of the dairy manufac- 
turing specialists have been to furnish both 
technical and practical information to the par- 
ticipating individuals and groups, to help in 
the development of sound dairy quality pro- 
prams by the producers’ associations, and the 
dairy processors, and to carry out educational 
programs to convince people of the value of 
quality improvement. 

Experience has shown that consistently ef- 
fective quality programs can not be maintained 
on a state-wide basis without the development 
and maintenance of the kind of public opinion 
that is favorable. This has proven essential 
for the effectiveness of both industry and regu- 
latory enforcement programs. 


— | 


180 JOURNAL OF DAIRY SCIENCE 


EFFECTIVE INDUSTRY QUALITY PROGRAMS 


Consistently high quality is not likely to be 
obtained without effective individual plant qua- 
lity programs. These must involve all patrons. 
The following features of such plant programs 
are important: 


1. Quality-conscious management dedicated 
to quality improvement. 

2. Good plant sanitation practices and good 
plant housekeeping. 

3. Rigid intake inspection of all milk or 
eream received and refusal to buy any 
that is unfit. 

4. Good laboratory facilities and frequent 
quality testing of all milk and cream 
received. 

. Good records of defects found by intake 
inspection, quality testing, and field work. 

6. Effective field work by competent field- 
“men. 

. Efficient washing and sanitizing of all 
eans and transport tanks and daily in- 
spection of cleaning and sanitizing pro- 
cedures. 

8. Providing suitable sanitation equipment 
and supplies for patrons at reasonable 
cost to them. 

9. Payment to producers for milk and cream 
on a quality basis. 

10. Organized programs for training and 
supervision of all haulers. 

11. Programs for aiding producers in the 
improvement of quality production fa- 
cilities, such as improvement of milk 
houses, cow barns, and cow yards. 

12. Good publie relations programs with the 
general public, producers, plant employ- 
ees, regulatory agencies, educational agen- 
cies, and industry associations, and coop- 
eration with all groups working on qua- 
lity improvement. 

13. Programs to help in guiding unsatisfac- 
tory milk producers away from dairying 
into other lines of work where incurable 
lack of sanitation-consciousness will not 
be as great a liability as it is in the dairy 
industry. 


or 


All of these are helpful in quality improve- 
ment, but inspection of all milk purchased, 
quality testing, good quality records, effective 
fieldwork, and the relentless discouragement of 
all insanitary production are absolutely essen- 
tial for suecess in quality improvement. 


EFFECTIVE REGULATORY PROGRAMS 


Where the educational programs for com- 
prehensive understanding of quality improve- 
ment have been successfully carried out, sound 
legislation should follow without too much 
diffieulty. Such legislation should provide for 
an effective state-wide quality code with ade- 
quate enforcement. 

In Wisconsin, a set of minimum standards 
or a comprehensive code of quality conduct 
was developed and legally put into effect after 
10 yr. of intensive educational work on quality. 
This was developed by a large committee rep- 
resenting all principal producer interests, the 
six major branches of the dairy industry, and 
representatives of the publie agencies involved. 
These were the State Department of Agricul- 
ture, the State Board of Health, the State 
Board for Vocational and Adult Education, and 
the College of Agriculture. Legislative action 
at that time was not required, because a pre- 
vious legislature had passed an enabling act 
which authorized the establishment of a com- 
prehensive milk sanitation regulation by ad- 
ministrative order. 

Before the enactment of this regulation, more 
than 6,000 meetings had been held at district 
schoolhouses, where quality improvement and 
the necessity for more rigid standards had been 
diseussed. County-wide meetings with plant 
operators, farm leaders, and farmers had been 
held a number of times in all of the counties. 
Following the enactment of the regulation, meet- 
ings were again held for all farm leaders, key 
personnel of the plants, milk haulers, and pro- 
ducers in all of the counties. There were more 
than 2,000 such meetings, with total attendance 
of more than 120,000 people, in the period 
during which this code was being put into 
effect. 


CONTINUAL EDUCATIONAL ACTIVITIES SUPPORTING 
QUALITY IMPROVEMENT AT EVERY 
OPPORTUNITY 


Continuation of these coordinated extension 
activities on quality improvement seem essen- 
tial to keep quality from regressing. Changes 
in personnel on farms and in plants are con- 
tinual. Likewise, the new people entering re- 
lated educational work, such as general agri- 
cultural extension and teaching, are likely to 
take quality for granted and overlook the nec- 
essity of persistent follow-up if these coordi- 
nated quality programs are relaxed. 


de 
en 
bil 
lov 
ne 
eu 
da 
th 
of 
ra 
laa 
$01 
pr 
dr 
be 
or 
be 
ha’ 
the 
chi 
po 
da 
for 
Cle 
er 
sta 
as 
cor 
pre 
ing 
a 


OUR INDUSTRY TODAY 


181 


SURVEY ANALYSIS OF PROBLEMS IN DAIRY PRODUCTS 
MANUFACTURING 


Catvin B. REEVES 
Dairy Department, Clemson Agricultural College, Clemson, South Carolina 


The Smith-Lever Act is responsible for the 
development of the Extension Service. It was 
enacted in 1914. The outline of the responsi- 
bility of the Extension Service gives the fol- 
lowing: “To diffuse among the people of the 

United States useful 
and practical informa- 
4 tion on agriculture and 

-“g home economics and to 
encourage the adoption 
of the same.” 

In the past, the work 
of the Extension Serv- 
ice has been largely in- 
formation to the agri- 
cultural interests. The 
Extension Service has 
an obligation, however, 
to all the people. Mar- 
keting specialists and 
processing controls are 
necessary for the best conditions of the agri- 
cultural economy. By encouraging the sale of 
dairy products, we improve agriculture and 
thereby improve the dairy industry. No phase 
of our national economy has progressed as 
rapidly as agriculture during the last 20 yr. 


C. B. Reeves 


WHY DO PEOPLE DRINK MILK? 


It is a well known fact that people consume 
large quantities of dairy products, but it has 
sometimes been vague as to why the public 
prefers or accepts some products over others. 
We are reasonably sure that people do not 
drink milk beeause it is healthy for them or 
because it contains all the necessary vitamins 
or is the most nearly perfect food but, rather, 
because they like it. Our educational efforts 
have helped, but without an appreciation of 
the fine flavors of milk and dairy products by 
children long before they understand the im- 
portance of nutrition, we would not have the 
dairy industry in its present high state of 
development. 


NEED FOR QUALITY RECOGNIZED 

To improve the quality of the dairy products 
for the consumer, the Extension Service at 
Clemson Agricultural College added to its pro- 
gram a dairy technologist. Dairying in this 
state is one of the smaller enterprises as far 
as income is concerned. The history of milk 
consumption has been an unsteady, fluctuating 
process because of insufficient supplies, vary- 
ing quality standards, and inadequate educa- 


tional facilities. It would be well to remember 
that the educational level in the southeastern 
part of the United States is below the average. 
In South Carolina, especially, certain deficien- 
cies are evident. To obtain a teacher’s cer- 
tificate no course in nutrition is required. The 
3 R’s have been practically the only intent of 
maintaining the educational program, which 
until a few years ago included only 11 grades. 


CLEMSON SURVEYS 


To improve the dairy industry in South Caro- 
lina an attempt was made to improve the qua- 
lity of the finished bottle of milk and of otuer 
dairy products on the market. Surveys of 
dairy products during a 4-yr. period have re- 
vealed some rather surprising results. The 
surveys have been of two kinds, one of dairy 
products and the other of markets. An out- 
line of the two surveys was prepared and dis- 
tributed to the dairy plants in the state. 


DAIRY PRODUCT SURVEY 


A dairy products survey was first conducted 
during October of 1956 and has been made on 
a more or less continuous basis ever since. The 
intent of a product survey is to obtain milk 
as a customer would on the open market. In 
most cases the samples in any one survey are 
obtained in as near one market location as is 
possible. The samples are brought to Clemson 
College under refrigeration, and tested for the 
following, insofar as is possible: Flavor, coli- 
form, standard plate count, psychrophilie bac- 
teria, phosphatase, freezing point determina- 
tion, fullness of container, percentage fat, per- 
centage solids-not-fat, fatty acid degree, acidity, 
and homogenization efficiency. Seldom are all 
of these tests done, because facilities are not 
always available. When a special problem 
arises, an effort is made to analyze certain 
samples in more detail. 

This is not an attempt to obtain a representa- 
tive sample from any particular company. It is, 
however, a sample as one customer might ob- 
tain it. The bacterial and coliform counts, or 
any other tests, are not considered to be offi- 
cial or are not to be used in any way to indi- 
eate the superiority of any one brand of milk 
over another. It is designed to aid in improv- 
ing the general quality of milk. 

The flavor score and standards are taken 
from the American Dairy Seience Association’s 
Student Scoring Standards for milk quality. 
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They are as follows: 


Seore Grade Criticism or defects 

40 Excellent No criticism 

37-40 Good Lacking special high fla- 
vor, flat, very slight feed, 
slight cooked 

34-37 Fair Cooked, feed, salty, slight 
ecowy, slight oxidized, 
slight unelean 

25-34 Poor Strong feed, weedy, bit- 


ter, strong musty, cowy, 
oxidized, slight rancid, or 
unclean 


Rancid, strong cowy, high 
acid 


Below 25 Bad 


Some objection has been made to the use of 
the word criticism in the case of milks which 
are of good or excellent quality. It would be 
more accurate to say that when scores of 37 or 
higher are found it should be considered not 
as a criticism but as a flavor profile. Scores 
of 37 and above, we feel, are excellent for 
commercial milks. They should result in con- 
sumer acceptance. Scores between 34 and 37 
should definitely be improved. Scores of 34 
or less, we feel, will have a great probability 
of encountering consumer resistance. 

The best quality control program is never 
good enough to be considered perfect and it 
is, therefore, the desire and intent of these sur- 
veys to aid the program that each dairy main- 
tains. It is not to be a substitute in any way 
for other control programs. It is designed to 
give the consumers throughout the entire mar- 
ket area better milk. 

It was soon found that the Dairy Products 
Survey did not give us as much improvement 
as we expected. As a result, in September of 
1958 a market survey was started which it was 
hoped would improve, to a marked extent, the 
products of a particular dairy operation. 


MARKET SURVEY 


A Market Survey is a survey of one par- 
ticular dairy’s operation and samples are ob- 
tained in the regular market channels of that 
dairy. It is necessary in this type survey to 
obtain, from every dairy, a code of its bottling 
dates so that the age of each sample is known. 
It is the intent to obtain samples which are 
as inferior as it is possible to obtain in any 
market. 

At the time of collection, the temperature of 
the samples is recorded. A note is made of 
the products in each particular location and 
the condition of the display. Also, notes are 
made of the competitors in each particular 
location. The samples are obtained in large 
and in small stores. It is believed that, in 
general, the bottled milk is good as it leaves 


the plants, but delays in sales, delivery, and 
distribution cause losses to plants which should 
be corrected. This was the objective of the 
Market Survey. 

The samples obtained were taken to the dairy 
plant where they were processed and judged 
in the presence of processing, distributing, and 
sales personnel. A list of the sources and con- 
ditions found is compared with the products. 


RESULTS 


Two surveys have resulted in much informa- 
tion. It is being transferred to IBM ecards and 
tabulated, so that further analysis and com- 
parisons can be made. Only a part of the data 
obtained has been processed. Of 423 samples 
of homogenized milk from the Dairy Products 
Survey, the flavor scores have indicated a large 
percentage of the milk within the classification 
Good. However, those seores which are below 
37 give us considerable concern. Of the 423 
samples, 143 have seored below 37, which is 
almost 34%. It is our feeling that consumers 
should have all milk seoring 37 or above. A 
very discerning child may object to the feed 
flavors which may be present in the 37-score 
milk. Very slight oxidized flavor falls in this 
eategory. 

When anything but the best is served there 
is danger of prejudicing individuals so that 
their permanent milk drinking habits are af- 
feeted. Until every bottle of milk available 
to the customer has a score of 37 or above we 
will find people who do not like to drink milk. 
We must remember the formative period in a 
person’s likes or dislikes usually occurs before 
the age of six. 


AGE OF MARKET MILK VARIES 


With a large number of samples scoring 
below 37 the Market Survey was analyzed and 
some startling information was obtained. The 
age of milk on the market varies a great deal. 
Since the Market Survey was an attempt to 
find poor quality milk, it does not represent 
a true picture of a plant operation. Therefore, 
the average age of the product found in a 
Market Survey does not in any way represent 
the average age of milk on the market. It is 
assumed that milk should keep for possibly a 
week in good condition, but when 33 of 43 
samples were over 1 wk. of age at the time of 
sampling, which does not include time in a 
home refrigerator, it is a pathetie situation. 
When milk is still availabie after ten days— 
and 24 were found after that date—it is even 
more deplorable. It is hard to realize that in 
the Market Survey 13 samples of milk out of 
43 samples on the market were more than 2 wk. 
of age. Three samples were 3 wk. or more in 
age. 

PROTECTION MUST COME FROM DAIRIES 


Any dairy allowing poor quality milk to re- 
main on the market will not stay in business 


tl 
is 
A 
oO 
li 
re 
tl 
al 
al 
ta 
| 
qu 
th 
j of 
| th 
SO 
it 
sh 
m 
Ww! 
se 
8. 
q ra 
40 
we 
pe 
+ 
in 
ra 
of 
ea 
be 
de 
wl 
st: 
de 
ob 
si 
pk 
ur 
cil 


OUR INDUSTRY TODAY 


long. The consumer must be protected and 
this should not come about by legislation, as 
is true in some states, but by the industry itself. 
A dairy must police its own premises and its 
own delivery systems, to maintain a high qua- 
lity product. 

It is evident, from the Market Survey and 
from comparisons of different dairies and their 
results, why some dairies continually complain 
of their inconsiderate competitors. It seems 
that they spend much of their time complaining 
about the bad practices of their competitors 
and fail to realize they are hurting the quality 
of their milk products. 


OTHER MILK PRODUCTS SURVEYS 


Comparable surveys have been made on Cot- 
tage Cheese, Buttermilk, Skimmilk, and Choeco- 
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late milk. In the case of one dairy, no sample 
of milk, cream, or other product was found 
to be over five days of age in the grocery store. 
Usually, of course, it is one day old by the 
time the grocery store obtains a supply. 

Companies that maintain a good quality con- 
trol and a good delivery system will find com- 
petition much less diffieult than those who have 
no interest or concern for the quality of their 
products. A quality control program must 
start with the cow and end at the consumers’ 
table. When it stops in the cooler of the proc- 
essing plant it falls short of achieving the de- 
sired objectives. 

Resurveys on companies who have developed 
programs of control all through the line have 
shown the Market Survey to be, in some in- 
stances, highly successful. In other instances 
the dairies continued to have difficulty. 


A METHOD FOR CALCULATING THE WEIGHT PER GALLON OF 
FLUID DAIRY PRODUCTS 


L. D. Hitkrer anp W. R. CaLpwELu 


Research and Development Division, National Dairy Products Corporation 
Oakdale, L. I., New York 


The manufacturer of dairy products is fre- 
quently faced with the necessity of knowing 
the relationship between gallons and pounds 
of fluid dairy products. The values given in 
the literature for the weight per gallon of 
some dairy products vary considerably and 
it is difficult to determine the standard which 
should be used for each product. The Depart- 
ment of Commerce (1) gives the weight per 
gallon of 40% cream at 50° F. as 8.38 Ib., 
whereas the USDA (2) lists 8.39 lb., Frand- 
sen et al. (4) gives 8.3 lb., and Lampert (7) 
8.37 lb. Other values used by the industry 
range from 8.25 to 8.40 lb. per gallon for 
40% cream. The original measurements of 
weight per gallon of cream, given in refer- 
ence (3), were made by Bearee (1) in 1914. 
On page 262 Bearce (1) states... “There was 
in many cases a considerable amount of sepa- 
ration and churning of fat so that granules 
of butter were collected on the neck and the 
cap of the bottle in which the sample had 
been kept.” Thus, these so-called standard 
density values were determined in a period 
when the fuli significance of the physical 
state of the fat as a variable factor in milk 
density was not understood. Bearee (1) did 
observe anomalous behavior in rate of expan- 
sion values of cream, and suspected that the 
physical condition of the fat might be the 
underlying cause of the discrepancies. 

There is considerable variation in the spe- 
cifie gravity of milk fat, as given in the lit- 
erature. Richmond (10) gives a specific grav- 


ity of milk fat of 0.93 at 15° C. (59° F.) and 
Hunziker (5) states that at 60° F. it is ap- 
proximately 0.93. According to Koestler (6) 
the speeifie gravity of milk fat ranges from 
0.9355 to 0.9448 at 15°C. (59° F.). Davies 
(2) gives a range of 0.936 to 0.940 at the 
same temperature, whereas Ling (8) cites the 
range as being 0.930 to 0.946 at 15° C. (59° F.). 

Sharp and Hart (11) point out that the 
previous temperature history of the milk in- 
fluences its specific gravity at 15° C. (59° F.) 
if this constant is measured immediately on 
reaching this temperature. There is a lag 
in the melting and solidification of the fat 
with changes in temperature, the magnitude 
of the effect increasing with the fat content. 
These authors state that a more unsatisfactory 
temperature than 15° C. could not be found. 
Lack of appreciation of the importance of 
this lag factor may account for the reported 
variations and ranges for the specifie gravity 
of milk fat. 

Sommer (12), Frandsen (4), and others 
have presented formulas for calculating the 
weight per gallon of ice cream mix. Pien and 
Maurice (9) have published formulas for eal- 
culating the weight per liter of milk, skimmilk, 
cream, and condensed whole milk. Generally, 
the weight per gallon may be computed from 
these formulas with a fair degree of accu- 
racy within certain limits of composition. 
However, when existing formulas for ice cream 
mix are applied to other fluid dairy prodvets, 
variations from actual weight can be of sueh 
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magnitude that the calculations are of little 
value in ascertaining weight per gallon. The 
need for a simple and accurate method of 
ealeulating the weight per given volume of 
fluid dairy products has been recognized by the 
industry. 


DETERMINATIONS OF SPECIFIC GRAVITY OF 
PRODUCT COMPONENTS 


Specific gravity was determined by weigh- 
ing a gallon of product, using a Bureau of 
Standards certified pyenometer (1-gal. capa- 
city) and a balance sensitive to 1 g. 

Milk fat. The pyenometer was held in a 
room at 36° F. and melted fat added in inere- 
ments of about 300 ml. Each portion of melted 
fat was allowed to solidify and age for 4 hr. 


TABLE 1 
Specific gravity of butterfat and density of 
water at various temperatures 


Butter- 


Tempera- fat * Water ” 
ture° Sp.G.at 40 density 
32 .966 99987 
34 964 -99993 
36 .962 99997 
38 .960 1.00000 
40 958 1.00000 
42 256 .99998 
44 .954 .99994 
46 .952 99989 
48 .99982 
50 .948 .99973 
2 .946 .99962 
54 .99950 
56 .942 -99937 
58 .940 -99921 
60 .938 -99903 
62 .936 99885 
64 .934 .99866 
66 -99845 
68 .930 .99823 
70 .928 .9980 
75 .924 .9974 
80 921 .9966 
85 918 .9958 
90 .914 -9950 
95 -9941 
100 .907 
105 905 .9920 
110 .9909 
115 901 .9898 
120 .899 .9886 
125 .897 .9873 
130 .896 .9860 
135 894 .9846 
140 .892 
145 .890 .9818 
150 .888 -9803 
155 .887 .9788 
160 .885 9772 
165 .883 .9755 


“Obtained from weighings at several tempera- 
tures. 

>From Bureau of Standards—Standard Density 
Tables—Cire. 19. 


DAIRY SCIENCE 


before the next increment was added. The 
reason for adding the fat in small increments 
was to avoid fissures which normally develop 
during solidification of fat. This procedure 
was followed until the pyenometer was filled 
with milk fat at 36° F. Since only two por- 
tions of fat were added each day, about a 
week was required to completely fill the pye- 
nometer. The weight of fat was determined 
and the specific gravity of milk fat based on 
the actual weight was 0.962 at 36°F. The 
storage temperature was elevated to 40° F. 
and the product held for seven days, at which 
time the fat above the surface of the pyc- 
nometer was removed and the product re- 
weighed. The specific gravity at this tempera- 
ture was found to be 0.958. This procedure 
was repeated and the specific gravity deter- 
mined at 50, 60, and 70° F. Additional spe- 
cific gravity determinations were made on 
melted milk fat at various temperatures up 
to 165° F. These results are given in Table 1. 


The observed weights per gallon of 40% 
eream were used to demonstrate the change 
in specific gravity of milk fat during solidifi- 
eation. It was found that the greatest in- 
crease in specific gravity occurred during the 
first half-hour after cooling to 50° F. or lower. 
Solidification of the fat appears to be com- 
plete and the specific gravity at a maximum 
after 4 hr. of holding at the indicated storage 
temperature. The difference in the weight per 
gallon of 40° cream, at temperatures between 
32 and 50° F., held for various lengths of 
time, is used in ecaleulating the change in 
specific gravity of the milk fat. For example, 
the weight of 40% cream, aged for 4 hr. or 
longer at 40° F., is 8.373 lb. per gallon, 
whereas the same cream weighs 8.330 lb. per 
gallon immediately upon cooling to 40° F. 
This is a difference of 0.043 lb. per gallon for 
40% cream or 0.108 (0.043 x 2.5) per gallon 
for milk fat. Thus, with a weight of 7.995 lb. 
per gallon for aged milk fat at 40° F. (corre- 
sponding to a specific gravity of 0.958), the 
milk fat immediately upon cooling would have 
a weight of 7.887 (7.995-0.108) lb. per gallon, 
which corresponds to a specific gravity of 
0.945. These data are given in Table 2. 


Solids-not-fat. The specific gravity of solids- 
not-fat was determined by caleulating the 
volume displacement in toluene of a given 
weight of air-free sugar and milk solids-not- 
fat. Sugar has a specifie gravity of 1.56 and 
milk solids-not-fat, 1.47. Weighings were made 
of sugar solutions, fluid and condensed skim- 
milks, and sweetened condensed skimmilk. 
From these weights it was found that al- 
though sugar and milk solids-not-fat are of 
slightly different specifie gravities, products 
containing the same quantity of solids-not-fat 
had essentially the same weight per gallon. 
For example, the following products were 
found to have the same weight of 9.40 lb. per 
gallon at 40° F: (a) solution containing 30% 
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TABLE 2 


T 
Specific gravity of butterfat at 


(For products cooled to and held at the indicated temperature following pasteurization) 


4 hr. 
Storage and 
temperature longer 2.0 hr. 1.0 hr 0.5 hr. 0 hr. 
(° F.) (Sp. G.) 

32 966 963 .960 
34 .964 .963 .961 951 
36 .962 961 .959 .956 
38 .960 959 .957 954 
40 .958 955 
42 .956 955 .950 .943 
44 954 951 .948 941 
46 952 951 .949 .939 
48 .950 .949 944 
50 948 945 .935 


sugar, (b) 30% condensed skimmilk, (c) blend 
containing 15% sugar and 15% milk solids- 
not-fat. Other nonfat solids, such as stabiliz- 
ers, cocoa, ete., act in a similar manner. 
Water. Specific gravity values for water 
were obtained at several different tempera- 
tures, using the pycnometer. These values 
were the same as those given in standard 
Density and Volumetric Tables (3). The spe- 
cific gravity of water at various temperatures 
from 32 to 165° F. is presented in Table 1. 


DEVELOPMENT OF THE METHOD USED FOR 
CALCULATING THE WEIGHT PER GALLON 
OF FLUID DAIRY PRODUCTS 


In theory, the sum of the values, obtained 


by multiplying the density of the ingredient 
by the percentage of ingredient should equal 
the density of the blend. However, this is 
true only when the ingredients are immis- 
cible. For example, a blend of 50 parts of 
milk fat and 50 parts of water has a specific 
gravity equal to the average of that for fat 
and water. On the other hand, the specific 
gravity of a blend of 50 parts of sugar and 
50 parts of water is not equal to the average 
of 1.28 for that for sugar and water, but 
rather 1.2295. Thus, in devising a formula 
which would be suitable for application to 
cover all fluid dairy products, it was neces- 
sary to caleulate factors for a complete range 
of solids-not-fat. A typical caleulation for 


TABLE 3 


Factors for total solids-not-fat “ 
(M.S.N.F., nonfat chocolate solids, cane sugar, corn sugar solids, stabilizer, 
vanilla powder, ete.) 


% Factor % Factor % Factor % Factor 
i 1.2120 22 1.4086 43 1.4465 64 1.4848 
2 1.3007 23 1.4105 44 1.4483 65 1.4867 
3 1.3311 24 1.4124 45 1.4501 66 1.4885 
4 1.3470 25 1.4142 46 1.4519 67 1.4904 
5 1.3570 26 1.4161 47 1.4537 68 1.4922 
6 1.3642 27 1.4179 48 1.4555 69 1.4941 
7 1.3697 28 1.4197 49 1.4573 70 1.4960 
8 1.3743 29 1.4215 50 1.4591 71 1.4978 
9 1.3781 30 1.4233 51 1.4610 72 1.4997 

10 1.3814 31 1.4251 52 1.4628 73 1.5016 

11 1.3844 32 1.4269 53 1.4646 74 1.5034 

12 1.3872 33 1.4286 54 1.4664 75 1.5053 

13 1.3897 34 1.4304 55 1.4682 76 1.5072 

14 1.3921 35 1.4322 56 1.4701 77 1.5090 

15 1.3944 36 1.4340 57 1.4719 78 1.5109 

16 1.3966 37 1.4358 58 1.4737 79 1.5128 

17 1.3988 - 38 1.4376 59 1.4756 80 1.5146 

18 1.4008 39 1.4393 60 1.4774 81 1.5165 

19 1.4028 40 1.4411 61 1.4793 82 1.5184 

20 1.4048 41 1.4429 62 1.4811 83 1.5202 

21 1.4067 42 1.4447 63 1.4830 84 1.5221 


*Caleulated from Bureau of Standards—Standard Density Tables—Cire. 19—6th ed. 
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the factors, as presented in Table 3, is as 
follows: Example: 20% factor 


100 X density of 20% 

solution (3) 108.0959 
80 (Water phase of desired 

20% solution) X 


(density of water)... 80.0000 
20 TSNF X factor desired =...... 28.0959 

or factor for 20% 

TSNF (Table 3) —.............. 1.4048 


With these factors, it is possible to caleulate 
the specific gravity of blends of solids-not-fat. 
Since fat is not soluble in water, the true 
percentage of total solids-not-fat in a prod- 
uct, as related to density, is a function of the 
moisture content. Thus, in a product con- 
taining 20% fat, 24% TSNF, + 56% water 
the percentage of TSNF in the nonfat phase 
is 30%. 
% TSNF X 100 24 X 100 
or = 30% 

% TSNF + % water 24 + 56 
The factor of 1.4233 corresponding to 30% 
TSNF would be used for caleulation purposes. 
The density of milk fat increases with time, 


after pasteurization and cooling. Values for 
the density of milk fat at temperatures from 
32 to 50° F., and after holding at this tem- 
perature for 0.5, 1, 2, and over 4 hr., are 
given in Table 2. 


CALCULATION OF WEIGHT PER GALLON OF 
FLUID DAIRY PRODUCTS 


The general formula and a typical caleu- 
lation of weight per gallon are given in Table 


“The weight per gallon at 40° F. is obtained 
as follows: 

1. Percentage of fat is multiplied by 0.958 
(density of milk fat at 40° F.). 

2. The sum of the percentages of all sclids- 
not-fat is multiplied by the factor from 
Table 3 corresponding to the solids-not-fat in 
the nonfat phase; or factor corresponding 

% TSNF x 100 
to: 
% TSNF + % water 

3. Percentage of moisture is multiplied by 1.000 

(density of water at 40° F.). 


TABLE 4 
Formula and example for caleulating weight per gallon of fluid dairy products 


W=A+B+C 
100 
Where: 
W = Weight in pounds per gallon 


A= Per cent fat X specific gravity of fat at given temperature (Table 1 or 2) 


B= Per cent total solids-not-fat < factor for solids corresponding to 


(Table 3) 


% TSNF X 100 


% TSNF + % Water 


C= Per cent water X density of water at given temperature (Table 1) 
D = Weight of 1 gal. of water at 40° F. or 8.345 lb. 


Typical calculation of weight per gallon 
Product: Ice Cream Mix—held 4 hr. or longer at 40° F. 


Composition (%): 
11.2 Butterfat 
11.0 MSNF 
12.0 Sugar 
4.1 Corn syrup solids 
0.2 Stabilizer 


38.5 Total solids 


W=A+Bt 
xD 
100 

A=11.2X .958 TableI = 10.7296 
B= 27.3 X 1.4246" Table III= 38.8916 
O= 61.5 X 1.0 TableI = 61.50000 
A+B+C = 111.1212 
D= 8.345 

111.1212 
Ww =———— 8.345 = 9.27 lb/gal. 


100 


Total solids-not-fat 


"1.4246 is the factor for solids-not-fat corresponding to 30.74% total solids-not-fat in 


(27.3 X 100) 


the water phase of the mix ——————— = 30.74. 


(27.3 X 61.5) 
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TABLE 5 


Weight of milk products and ice cream mix ingredients at 40° F. held 4 hr. or longer 
after pasteurization 


Sugar Total 
Product Fat MS.N.F. solids solids Weight 
(%) (lb/gal) 
Skim 0.06 8.84 wae 8.90 8.62 
Milk 3.0 8.40 ate 11.40 8.60 
3.5 12.10 8.60 
4.0 12.70 8.61 
4.5 8.90 Pcs 13.40 8.61 
5.0 9.00 ese 14.00 8.61 
Half & half 8.0 12.00 a 20.00 8.71 
10.0 ee 20.00 8.63 
Milk-cream blend 10.0 18.01 8.56 
12.0 7.83 Es 19.83 8.55 
14.0 7.65 at 21.65 8.54 
16.0 23.47 8.52 
Cream 18.0 25.30 8.51 
20.0 27.12 8.50 
25.0 31.68 8.47 
30.0 6.23 Pe 36.23 8.44 
35.0 5.78 ad 40.78 8.40 
40.0 45.34 8.37 
45.0 4.90 bee 49.90 8.34 
50.0 4.45 54.45 8.31 
Condensed 12.0 28.00 ae 40.00 9.30 
8.2 21.80 43.0 73.00 11.00 
0.2 29.80 eet 30.00 9.40 
0.2 31.80 sapien 32.00 9.48 
0.2 29.80 40.0 70.00 11.23 
White mix 4.10 14.0 16.0 34.30 9.40 
10.15 10.0 15.85 36.25 9.23 
10.15 11.0 17.20 38.68 9.32 
11.15 11.0 16.30 38.78 9.29 
12.20 10.5 15.50 38.50 9.23 
12.20 11.0 16.50 40.00 9.29 
14.00 10.0 15.70 40.00 9.22 
16.00 10.0 15.70 42.00 9.21 
Chocolate mix 4.10 13.5 17.00 37.00 9.51 
10.10 8.0 18.40 38.81 9.33 
11.10 9.0 18.50 41.42 9.39 
12.10 9.5 19.50 44.00 ° 9.46 
14.00 9.5 18.65 45.25 9.43 
16.00 8.0 10.00 46.00 9.37 
Iee base 0.0 0.0 36.00 36.50 9.67 
Sherbet base 1.2 3.55 31.25 36.60 9.62 
Fudgsicle 10. 11.68 18.80 35.65 9.63 
Liquid eane sugar at 70°F. —___it...... 67.00 67.00 11.08 
81.00 11.82 


Fat includes butterfat, cocoa fat, egg-yolk fat, emulsifier, ete. : 
In addition to the ingredients listed, total solids includes nonfat cocoa solids, nonfat 


egg-yolk solids, stabilizer, ete. 


4. The sum of these values is divided by 100 (3) DEPARTMENT OF COMMERCE, BUREAU OF 


and multiplied by the weight of a gallon of StanparDs. Standard Density and Volu- 
water at 40° F. (8.345 lb.) to obtain pounds metric Tables. Cire. No. 19, 42. 1924. 

(4) Franpsen, J. H., anp Newtson, D. H. Ice 
ver gallon. Cream and Other Frozen Desserts. J. H. 
Caleulated weights of milk products and ice Frandsen, Amherst, Massachusetts. 1950. 


cream mix ingredients at 40° F. are presented (5) Hunzicker, O. F. Condensed Milk and Milk 
in Table 5. Powder. 5th ed. Hunzicker, LaGrange, Ill. 
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MATHEMATICAL TECHNIQUES FOR EVALUATING LABOR 
UTILIZATION IN DAIRY PLANT OPERATIONS ! 


M. E. Gregory * anp W. M. Roserts 
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* Dairy Technology Extension Specialist, Ohio 
State University, Columbus, Ohio. 

Maintaining the proper balance between labor 
and equipment costs is a major problem of 
management. Equipment costs are relatively 
easy to determine. On the other hand, it is 
rather difficult to measure accurately the labor 
costs. Equipment costs tend to be relatively 
fixed; whereas, some labor costs are fixed and 
others are highly variable. The variable nature 
of labor utilization, along with the high cost 
of labor, makes it mandatory that management 
have accurate and reliable methods of measur- 
ing and controlling labor costs. 

This study was designed to test procedures 
for collecting, analyzing, and presenting labor 
utilization data in a simple and usable form. 

It seemed desirable to go beyond the work 
of Gregory, Roberts, and Hader (4), and to 
express certain labor requirements for proc- 
essing dairy products in mathematical rela- 
tionships. This required the establishment of 
a volume-time relationship for individual prod- 
ucts and processes in the dairy plant, so that 
prediction equations could be formulated in 
terms of variable and fixed times, and appro- 
priate statistical tests could be performed. 


METHODS 


Gregory, Roberts, and Hader (5) made a 
comparison study in the dairy industry be- 
tween work sampling and a production study 
and found no significant difference to exist in 
the results between the two techniques. Since 
work sampling is better accepted by employees, 
is not tedious to use, results are simple to ana- 
lyze, and one man ean study an entire plant 
crew simultaneously, it was used to collect in- 
formation about labor utilization in a repre- 
sentative dairy plant. 


Before the full-seale study of a commercial 
dairy plant was initiated, preliminary observa- 
tions were made in the North Carolina State 
College dairy plant to investigate the feasi- 
bility of such a study and to test the useful- 
ness of various analytical techniques. Suffi- 
cient evidence was obtained to indicate that 
this type of study and analysis had a place in 
the dairy industry in analyzing labor utiliza- 
tion. Therefore, a North Carolina milk plant 
was selected in which further work was carried 
out. This plant was typical of the medium to 
large plants in the state. 

The plant selected was a one-story operation 
with a daily volume ranging from 12,000- 
18,000 gal. during the observation period. The 
labor foree was composed of one man in re- 
ceiving, three men in cold storage, three men 
in shipping, and 23 men in processing-packag- 
ing. The plant operated from about 3 a.m. to 
about 9 P.M. six days per week. 

Two alternating observers, recording data at 
10-min. intervals, were used to observe the 
operation over the entire processing day. Thus, 
an observer was present to record all labor 
used in any portion of the plant operations 
for a 6-wk. period covering 36 operating days. 

The forms used for the collection of the data 
closely resembled Form 1, as used by Gregory 
et al. (4); however, in this case there was a 
separate form for each product, e.g., homog- 
enized milk (14-pints, paper). 

The equipment in the plant was grouped 
into seven clean-up categories on the basis of 
related use. The equipment in each category 
was as follows: 


Category 1—HTST, homogenizer, surges and 
standardizer-clarifier 

Category 2—Sanitary lines, storage tanks, 
and pumps 

Category 3—Paper fillers (two small, one 
large) 

Category 4—Half-gallon paper filler 
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Category 5—Glass filler 

Category 6—Separator 

Category 7—Receiving room equipment 
Categories 8-13 included labor used in assem- 
bling and mixing the ingredients for chocolate 
milk, orange drink, buttermilk, half and half, 
flakes for flake buttermilk, and whipping 
cream, respectively. 

General classifications were used for jobs 
that did not fall into the other groupings. 
Category 14 included plant clean-up, dump 
returns, and make-out of general reports, and 
Category 15 included making out the paper 
filler reports and putting empty cases on the 
conveyor to the filler. 

These groupings were helpful in studying 
the fixed labor used in the plant operation, 
since certain categories were concerned only 
with specific products. Thus, it was possible 
to analyze independently portions of the total 
operation. 

The labor was divided into direct time and 
prorated time. Under direct time, there were 
fixed times such as change-over of the filler, 
and variable time such as the actual filling op- 
erations. Prorated time included labor which 
could not be tied to a particular product. Un- 
der prorated time, there were fixed and vari- 
able times. An example of a fixed prorated 
time was the clean-up of the HTST unit; 
whereas, an example of a variable prorated 
time was the operation of that unit. The total 
labor necessary for the clean-up or operation 
of the HTST unit was prorated on a weight 
basis among the products that utilized this 
piece of equipment. 

A linear model was selected to express the 
mathematical relationship between the two vari- 
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ables, volume and time. The labor input for 
variable time was expected to be proportional 
to output, since it was composed mainly of 
package filling time, a machine-paced operation. 
The data showed a linear relationship when 
plotted on graph paper. It seemed unneces- 
sary to use a more complicated model for the 
purpose of this study. The labor input for the 
fixed times was expected to be relatively con- 
stant throughout the range in volume. This 
was shown to be true for many products. 
Under these circumstances, the mean would 
give as good estimates of the actual situation 
as would a regression equation. 

A regression equation was used for predic- 
tion of labor requirements for selected volumes. 
A regression line is a kind of moving average 
passing through the points that determine it, 
which measures the relationship between two 
variables; in this case, volume and labor. If 
a regression coefficient is not significant, then 
the mean would be as good an estimator as 
the regression equation. However, although 
a particular classification did not show a sta- 
tistically significant regression coefficient, the 
regression equation might still be a better basis 
than the mean from which to make practical 
application of the data. 

Since the volume varied from day to day, 
the analysis of covariance as outlined in Snede- 
cor (6) was used to adjust for the variation 
in volume. In essence, the regression equation 
was a labor prediction equation that was valid 
to use for predicting labor requirements of 
various volumes of the listed products. The 
selected volumes should fall within the range 
covered in the study; however, limited extra- 
polation would probably be satisfactory for 


TABLE 1 


Fifteen categories of fixed labor requirements in man-minutes and their ‘respective ranges, 
means, and standard errors 


Category Deseription High Low Mean Sx 
Clean-up Man-minutes 
1 HTST, homogenizer, surges, standardizer 380 160 228 7 
2 Sanitary lines, storage tanks, pumps 550 230 385 12 
3 Paper fillers (two small, one large) 700 240 407 16 
+ Half-gallon filler (paper) 370 30 149 9 
5 Glass filler 390 190 283 9 
6 Separator 140 20 87 8 
7 Receiving room, receiving equipment 200 20 68 5 


Products make-up 


8 Chocolate milk “3 390 50 136 11 
9 Orange drink 180 30 103 6 
10 Buttermilk 230 30 121 13 
11 Half and half 90 10 44 6 
12 Flakes for flake buttermilk 50 0 28 3 
13 Whipping cream 50 0 23 2. 
General 

14 Plant clean-up, dump returns, and 

make-out general reports 440 150 273 11 
15 Paper filler reports and putting empty cases 

on conveyor to filler 350 110 219 10 
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TABLE 2 


Statistical results from the covariance and regression analyses for the variable, fixed, and 
delay times for the can receiving, shipping-cold storage, and total processing operations 


Volume in 
thousands Regression equation* 
Deseription High Low a b 
Receiving variable time” 44 19 34 0.00492** 
(0.00133) 
Receiving fixed time” 44 19 112 —0.00149 n.s. 
(0.00203 ) 
Receiving delay time” 44 19 215 —0.000533 n.s. 
(0.00232) 
Shipping‘ 4.0 2.9 1,421 0.0813 n.s. 
(0.163) 
Cold storage‘ 4.1 2.7 491 0.251** 
(0.101) 
Shipping-cold storage delay‘ 8.0 5.8 540 —0.0278 n.s. 
(0.0479) 
Total processing variable time* 108 41 556 0.0382** 
(0.00584 ) 
Total processing fixed time* 108 41 2,913 —0.00720 n.s. 
(0.00695 ) 
Total processing delay time“ 108 41 1,741 —0.0115** 
(0.00436) 


Number in parentheses is standard error of b. 


* Significant at the 0.01 level. 
** Significant at the 0.05 level. 
n.s. Not statistically significant. 


* Regression of man-minutes (y) on volume in pounds (2). 


» Volume in pounds. 
* Volume in cases. 
“Volume in packages. 


approximations. The standard errors of the 
b’s, (Sv), were presented to give some indica- 
tion of the reliability of the individual b values. 
Since the ratio of b to S» is an ordinary “t” 
test, the significance tests on the regression 
coefficients can be readily verified. 

No statistical analysis was performed on the 
time necessary for the supervision of the op- 
eration, since supervisory time was very con- 
sistent from day to day. 


RESULTS 


Fixed times. In Table 1 are the results of a 
36-day study of fixed times for several cate- 
gories in the plant operation. The data show 
the mean and the appropriate standard error 
for each category. 

The ranges show the extremes in daily vari- 
ation of labor requirements over the 36-day 
period. In Category 13 (make-up of whipping 
cream), and Category 12 (make-up flakes for 
flake buttermilk), the range included zero. This 
was not realistic, since some labor was neces- 
sary to make up these products; however, this 
situation was a result of the pattern of col- 
lecting data. Since the observations were taken 
at 10-min. intervals, it was possible for an 
operation that took less than 10 min. to have 
no labor charged to it. These instances occurred 
very seldom, as illustrated by the relatively 
small standard error for each of the categories. 


The fixed times necessary to handle a par- 
ticular product can be computed from certain 
combinations of categories. For example, Cate- 
gories 1, 2, 3, 14, and 15 are relevant for 
homogenized milk (14-pints, paper), while 
Categories 2, 4, 9, 14, and 15 are appropriate 
for orange drink (14-gallons, paper). One may 
determine what fixed times will drop out in 
the case of removing a particular product 
from the product mix, or stated in another 
way, find what additional fixed times would be 
ineurred from the production of a particular 
product. More specifically, a plant manager 
might consider dropping orange drink from 
the product mix, with the data given in Table 2. 
With the remainder of the products intact, 
the only saving in fixed labor would be to 
eliminate Category 9, which was the make-up 
of orange drink. 

Estimation equations for fixed and variable 
times. The data in Table 2 show the following: 
(1) the range in volume, (2) the significance 
of the regression coefficient for labor used 
against volume, (3) the regression prediction 
equations, and (4) the regression coefficient 
re and the standard error of this coefficient 
(So). 

The can-receiving operation received only 
about one-third of the milk that was used in 
the plant. The remainder of the milk came 
in by tank trucks. 
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The variable receiving time was composed 
of the labor required to dump the incoming 
producer milk, put the cans into the rotary 
can washer, remove the cans from the can 
washer, and push them back to the producers 
on a gravity conveyor. The remainder of the 
variable time consisted of taking the weight 
and a representative sample of each producer’s 
milk. Daily and weekly differences were not 
important factors influencing labor inputs. 
However, volume was an important factor be- 
cause there was a relatively constant time per 
pound, thus giving the volume effect in the 
regression analysis. 

The receiving fixed time was composed of 
the labor required to clean up the room and 
equipment. It was not influenced by the amount 
of milk passing through the receiving equip- 
ment. This fixed time (Category 7, Table 1) 
showed a great deal of variation because of the 
individuals doing the clean-up and the thorough- 
ness of the job performed. Neither day, week, 
nor volume effects were important factors in- 
fluencing labor input. Probably, the negative 
regression equation and decreased fixed labor 
time were the result of more labor for variable 
time (dumping milk, ete.) with increase in 
volume. The worker performed the fixed fune- 
tion more efficiently or less thoroughly. 

The receiving man was in delay a great deal 
of the time because of poor scheduling of haul- 
ers. The negative regression coefficient would 
seem quite logical, since the receiving man 
converted the delay time into variable produc- 
tive time as the volume of incoming milk in- 
creased. The day, week, and volume effects were 
not important factors influencing delay time. 

The shipping time prediction equation might 
be thought of as a variable time equation. 
Three men were required to take the cases 
from cold storage and put them on the power 
conveyor to the wholesale and retail trucks. 
The truck schedule was very effective in keep- 
ing the shipping employees productive. How- 
ever, in the case of lapses between route trucks, 
the shipping employees were usually in delay. 
Day, week, and volume effects were not of 
significance in influencing the input of labor 
of the shipping operation. The large a value 
(1421) in the prediction equation was prob- 
ably the result of the limited range covered 
in the number of cases handled, plus the fact 
that shipping personnel tended to slow down 
in speed of work when they were not being 
pushed to fill an order. These reasons, plus 
the fact that the labor force was held constant 
from day to day to load a very similar volume, 
tended to give a relatively fixed labor require- 
ment for this operation. If the shipping opera- 
tion could have been more effectively scheduled 
as to labor needs, a significant volume effect 
might have been found. That is, if extra labor 
had been used during the peak needs, in order 
to maintain an efficient operation, and this 
labor used elsewhere when the regular force 
could handle the work, it is reasonable to as- 
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sume that there would have been a volume 
effect on the shipping labor. 

The cold storage prediction equation also 
might be considered as a variable time equa- 
tion. The cold storage operation consisted of 
three men taking the cases off the conveyor 
from the filler and stacking them in cold stor- 
age. The labor force varied according to the 
number of bottle fillers that were operating. 
This tended to give the significant volume effect 
as shown in the statistical results in Table 2. 
Both the volume and week effects influenced 
labor input; however, there was no evidence 
of a day effect. Although personnel changes 
could have been responsible for the significant 
week effect, the authors believe that this sig- 
nificant value may have been the result of 
chance in the statistical analysis. 

The shipping-cold storage delay equation 
was established in the same manner as the 
shipping and cold storage equations. For each 
day of the 36-day study, a determination was 
made for the total shipping—cold storage delay 
time for the volume of cases on that particular 
day of operation. Thus, 36 values were estab- 
lished over the entire range of volume studies. 
The covariance and regression analyses were 
performed, giving the results in Table 2. The 
shipping and cold storage delay times were 
combined, since occasionally employees in these 
operations would switch back and forth as the 
demand for labor shifted. The volume variable 
was the sum of the cases handled in each op- 
eration. There was no statistical evidence of 
an effect of day, week, or volume on labor in- 
puts. Again, there was a negative regression 
coefficient which was a result of the same basic 
reason as for total delay in the packaging 
operation, i.e., with a fairly constant labor 
foree, the more volume a group must handle, 
the less will be the delay: time incurred. 

It should be reiterated that’ these negative 
delay coefficients were not statistically signifi- 
cant; however, it is believed that they reflect 
the actual situation rather effectively. 

The processing variable time prediction equa- 
tion represented a composite of all the indi- 
vidual product prediction equations. Predic- 
tion equations were developed for the fixed and 
variable times of the 22 individual products 
that were produced in the plant. Information 
analogous to that found in Table 2 was given 
for each product.* 


It was statistically feasible to express the 
volume-time relationship for all packages in 
one regression equation. A determination for 
total variable time was computed for the total 
packages on a particular day of operation for 
each day of the 36-day study. Thus, a series 
of points or numerical time values were estab- 
lished over the range in volume covered (41,000 
to 108,000 total packages). The covariance and 


‘If one wishes to obtain this information, the 
Ph.D. dissertation (3) may be obtained from 
North Carolina State College. 
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regression analyses were performed on these 
data and the results showr in Table 2. The 
value of the over-all prediction equation is 
evident, since it simplifies the computation nec- 
essary in arriving at the predicted labor needs 
for particular volumes processed. Volume was 
very effective in changing labor input; whereas, 
the day and week effects were not of 
significance. 

The processing fixed time prediction equa- 
tion was established by summing the categories 
in Table 1 for any specific day of operation, 
and plotting the point against the volume pro- 
duced on that day. Thus, over the 36-day 
period the numerical fixed time values were 
plotted against the volume covered (41,000 to 
108,000 packages). On these data, covariance 
and regression analyses were performed and 
the results shown in Table 2. The fixed time 
prediction equation illustrated that fixed labor 
needs were influenced little by changes in vol- 
ume. In fact, total fixed time decreased slightly 
as total volume increased. This resulted from 
a labor foree that was sufficient to handle the 
operation under practically any circumstances; 
but, when the total volume of product increased 
greatly, the labor crew was forced to substi- 
tute a certain amount of what had previously 
been fixed labor into variable labor, to take 
care of the longer operation of the bottle fillers. 
The day effect did not influence this labor input 
according to the statistical analysis; however, 
the week effect was significant at the 0.05 level, 
which could be a result of changes in personnel 
between weeks, since this study was.made in 
the vacation season. 

The processing delay time prediction equa- 
tion was established by summing the delay 
observations in the processing-packaging op- 
eration on a specific day and plotting the value 
against the volume produced on that day. This 
gave a series of determinations over the range 
covered (41,000 to 108,000 packages) in the 
study over the 36-day period. On these data, 
covariance and regression analyses were per- 
formed and the results shown in Table 2. 
Neither the day nor week effect was significant 
as factors influencing the total delay time. 
However, volume was an effective factor, and 
as volume increased, total delay time decreased. 
This was a very logical result, since the labor 
foree was kept consistent from day to day. 
Thus, if the labor crew was sufficient to handle 
the maximum volume produced and the labor 
crew was held constant, then it was very reason- 
able that there was more delay when the volume 
was relatively low. 

Illustrations of the use of estimation equa- 
tions. The equations that have been presented 
cen be used in several ways by management. 
First, they can be used as a management con- 
trol on the labor used in the plant operations. 
Then, they can be used for estimating the labor 
needs by products for cost accounting and for 
determining potential changes in the product 
mix. 


The latter will not be illustrated, since it is 
rather voluminous, but these mathematical equa- 
tions used under various plant situations for 
estimating labor needs can be obtained.* 

Equations used as @ management control. 
The equations can be used to determine the 
total labor needs or the labor needs by proc- 
esses or operations. The following illustrates 
how the commercial plant can utilize the equa- 
tions in Table 2 to estimate the labor needs 
in the processing and shipping—cold storage 
operations. 

The labor needs are shown over the range 
covered in the plant study (40,000-110,000 pack- 
ages). The labor used in the receiving opera- 
tion was not included, since the range in vol- 
ume was insufficient. Also, the supervisory time 
was not included, since this was a constant 
time over the entire plant study. However, 
it would be simple to make this additional 
ealeulation if it were desired (1,567 man-min- 
utes + total packages = supervisory time per 
package). 

The confidence limits as shown by the curved 
lines in Figures 1, 2, and 3 were established 
at the 0.95 level. The true value for labor re- 
quired at any particular volume lies in the 
range between the upper and lower limits. It 
might be pointed out that the sample size (days 
of study) will influence these confidence limits. 
For example, if a 50-day study had been made 
rather than the 36-day study, the limits prob- 
ably would have been narrower. Since the 
square root of the sample size is used in the 
mechanies of making the calculation, the con- 
fidence limits are usually narrowed. 

Figure 1 shows the total variable, total fixed, 
and total delay time required, with the compu- 
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Fig. 1. Relationship between the volume of 
packages processed in the processing operation 
and the total man-minutes required, with the ap- 
propriate confidence limits. 
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Fig. 2. Relationship between the volume of 
packages in the shipping-cold storage operation 
and the total man-minutes required, with the 
appropriate confidence limits. 
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Fic. 3. Relationship between the volume of 
packages processed and the total man-minutes 
per package, with the appropriate confidence 
limits (summarizes Figures 1 and 2). 


tations being made at each 10,000-package level. 
The confidence intervals were established for 
each of the caleulated values. It should be 
noted that the intervals are narrowest near 
the mean, and swing out at the extremes in 
volume. Therefore, this should be taken into 
consideration in predicting labor needs at the 
extremes in volume, as more variation from 
the predicted values should be expected for 
these determinations. 
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Figure 2 shows the total shipping time, total 
cold storage time, and total shipping-—cold stor- 
age time required, with the computation being 
made at each 10,000-package level. The con- 
fidence intervals were established for each of 
the calculated values. A percentage volume of 
half-gallons, quarts, pints, and half-pints very 
similar to that of the plant study was assumed. 
The assumed percentages in the container sizes 
were 15% (14-gallons, paper), 25% (quarts, 
paper), 15% (pints, paper), 40% (42-pints, 
paper) and 5% (quarts, glass). Using these 
percentages, the conversion of the packages 
into eases was made and the labor used was 
caleulated by the use of the equations in Table 

Figure 3 summarizes the data in the first 
two figures and puts the labor used on a per 
package basis rather than on the total time 
basis. Again, computations were made at each 
10,000-package level and the appropriate con- 
fidence intervals were established. In essence, 
Figure 3 gives an over-all view of the effect 
of volume in a plant operation. For example, 
if the production in packages per day was 
approximately 40,000, the man-minutes of labor 
used per package would be about 0.22 (upper 
limit 0.24 and lower limit 0.20); whereas, if 
the packages per day were near 110,000 the 
man-minute needs per package would be about 
0.10 (upper limit 0.11 and lower limit 0.09). 
This is definitely a large saving in labor 
used per package as a result of an in- 
crease in volume. This savings would be even 
more greatly magnified if the fixed supervisory 
time had been included in the graph, since in 
the case of smaller volume production, each 
unit of product would have to bear a greater 
share of the supervisory time than would the 
units in the larger volume production. 

Figure 3 represents the range in volume 
that would ordinarily be covered in the plant 
studied. In this operation, the labor force was 
held quite constant over the entire range of 
volume. Thus, it would not be good to extrapo- 
late in Figures 1 and 2 to visualize the effect 
on per package labor used in Figure 3, since 
below 40,000 and above 110,000 a change in 
the labor foree might be made, which would 
probably change the relationship shown in 
Figure 3. 

Since one usually has a fairly aceurate ree- 
ord of the plant labor used, by the time cards 
of the employees, daily comparisons may be 
made with Figure 3 to determine daily produc- 
tivity of labor. If the assumption is made that 
the curve in Figure 3 represents a desired level 
of efficiency, then this curve can be used as a 
standard in controlling labor used. To caleu- 
late the labor used from Figure 3, it is only 
necessary to know the volume of all products 
produced’ on a particular day, read off the 
man-minutes used per unit, and then multiply 
the per unit value by the total units produced. 
For example, if 70,000 units were produced, 
the per unit value would be 0.142 man-minutes 
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and the total labor used would be 9,940 man- 
minutes. The lower limit (0.159 man-minutes 
per unit) is 9,730 man-minutes, and the upper 
limit (0.145 man-minutes per unit) is 10,150 
man-minutes. One would expect the labor used 
on that particular day to fall between 9,730 
and 10,150 man-minutes. 

One could use an analogous procedure in 
determining the labor needs in the operations 
of Figures 1 and 2. However, in this situation, 
it would be necessary to have some practical 
breakdown of labor whereby these operating 
times could be separated on a daily basis. 

It should be noted from Figure 3 that as 
the total volume inereases, the labor used per 
unit decreases at a decreasing rate, i.e., the 
labor used per package was reduced substan- 
tially more from 40,000 to 50,000 packages 
than at higher volumes. This is in agreement 
with hypothetical plant studies concerning econ- 
omies of seale that are found in the literature, 
i.e., as the total volume increases within a plant 
operation the amount of labor used per unit 
will usually decrease (1, 2). 

A few statements may be in order concern- 
ing some uses of mathematical equations that 
were determined to describe a dairy plant op- 
eration under varying situations. One may 
use the equations in the estimation of the labor 
used at various volumes of production. Esti- 
mations by individual products or by opera- 
tions ean be made. Potential changes in the 
operation, such as the elimination of some prod- 
ucts from the product mix or every-other-day 
production of certain products can be evalu- 
ated. The technique also gives the accountant 
fundamental labor data that may be used in 
showing plant costs. Labor for individual dairy 
products has always been information much 
desired by the accountant but very seldom 
obtained. Labor data drawn in the form of 
equations give the accountant a most valuable 
tool in his plant cost analysis. The accountant 
ean use the curves established in Figures 1, 
2, and 3 in the breakdown of plant labor, sup- 
ply the proper labor cost per man-minute, and 
determine the labor cost by products, by proe- 
esses, or operations, or for the total plant 
operation. 

The techniques used for studying plant labor 
in this study are sound and practical in appli- 
cation. The statistical analysis and the deter- 
mination of the mathematical equations must 
be left to individuals trained in the field. How- 
ever, the finished data can be easily understood 
and manipulated by the dairy plant operator. 
Such data make available to management and 
accountants useful tools to aid in control of 
labor, decision-making, and evaluation of plant 
labor used. 

SUMMARY 


A comprehensive study of labor utilization 
was made in a commercial dairy plant. An 
attempt was made to correlate certain types of 
plant labor with total volume, e.g., processing 
variable and fixed and delay time; shipping, 
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and cold storage time; and total time. The 
labor utilization data on an actual operation 
ean serve as a guide in making comparisons 
with hypothetical plant studies. 

The data collected on labor utilization in a 
commercial plant study were treated statis- 
tically. The standard errors were found for 
the fixed times. An analysis of covariance was 
carried out on the labor used in each of the 
individual products, testing both the variable 
and fixed times for differences in labor used 
between days and between weeks and for sig- 
nificance of the regression coefficients. A re- 
gression equation was computed for each op- 
eration and the standard error of b was given. 

The results from the commercial plant study 
showed that only a few products exhibited sig- 
nificant day-to-day differences in labor used; 
whereas, weekly differences showed up in about 
one-third of the products. The regression co- 
efficients were highly significant in most of 
the products, indicating that the labor used 
varied with a change in volume. 

An illustration was given to demonstrate the 
use of the equations as a management control 
on the plant labor used in a commercial dairy 
plant. The importance of volume in an actual 
operating dairy plant in effecting a relatively 
low labor requirement per unit was pointed 
out. The results from the volume-labor analysis 
were in agreement with hypothetical plant 
studies concerning economies of seale that are 
found in the literature, i.e., as the total volume 
inereases within a plant operation, the amount 
of labor used per unit will usually decrease. 

Also, the use of the mathematical equations 
was illustrated in some plant situations to show 
how they might be used for determining the 
labor used. 
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To The Members of the American Dairy Science Association : 

The University of Wisconsin is honored 
to be host to the 56th annual meeting of 
the American Dairy Science Association 
June 11 to 14, 1961. 

It is always a pleasure to have visitors 
to our campus. Because dairying is such 
an important part of Wisconsin, we par- 
ticularly weleome the valuable information 
and stimulating discussions a group such 
as yours will bring us. 

Since you last met here in 1953, we have 
added several new buildings and facilities. 
I think you will find them of interest, and 
I hope you will have time to get acquainted 
with them and with other resources of this 
University. Among Wisconsin dairy farm- 
ers and in the dairy industry too, you will 
find a warm welcome if you have time to 
do some traveling and visiting in the State. 

The University facilities and staff are 
at your service, and all of us are looking 
forward to your stay in Wisconsin. 

Sincerely vours, 
C. A. President 
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CALL FOR PAPERS FOR THE 1961 ANNUAL MEETING OF 
THE AMERICAN DAIRY SCIENCE ASSOCIATION! 


G. W. TRIMBERGER 
Chairman, Program Committee, A.D.S.A. 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The 56th Annual Meeting of the American 
Dairy Science Association will be held June 
12-14 at the University of Wisconsin, Madison. 
Members who wish to present papers must 
submit titles and abstracts not later than March 
1. This deadline must be met to permit publi- 
cation of titles with the complete program in 
the May issue and abstracts in the June issue 
of the JournaL. Last year all but four ab- 
stracts arrived on time. If a large number 
of papers are suggested for presentation, those 
that arrive late may be assigned to be read by 
title or rejected entirely. 

Abstracts must contain no more than 200 
words by actual count. Abstracts longer than 
200 words cannot be accepted and will be re- 
turned to the author(s) by the Committee. An 
original (on bond paper) and three copies of 
each abstract must be typed double-spaced. 
The original and one copy should be mailed to 
the Chairman, another copy to the Vice-Chair- 
man, and the fourth to the Secretary of the 
Section before which the paper is to be pre- 
sented. Eventually, the original copy will be 
sent to the Editor for publication in the 
JOURNAL. 

In the preparation of abstracts, the style 
and abbreviations of the JouRNAL oF Darry 
ScreNcE must be used. Please refer to abstracts 
in the June, 1960, issue of the Journau for 
guidance. Only initials of authors should be 
used, except in unusual cases where it may 
be necessary to use the complete name. The 
title of the abstract should indicate clearly the 
nature of the research. It should not be re- 
peated again in the text. The abstract should 
include, insofar as possible, the design and 
major results of the investigation. Only com- 
pleted research should be reported. Brief, essen- 
tial statistics will make the data more 
meaningful. 

All members of the Association are entitled 
to present papers. Participation by members 
of the industry and by senior members of the 
Association is particularly encouraged. Atten- 
tion is called to the Dairy Manufacturing Ex- 
tension Section program, and members are 
urged to participate. This is a subsection of 
the Manufacturing Section for 1961. The com- 
petitive presentation of papers by graduate 


*The procedures for preparing abstracts will 
apply also to abstracts submitted for the Eastern, 
Southern and Western Divisional Meetings of the 
American Dairy Science Association. Editor-in- 
Chief. 


students, initiated in the Production Section 
in 1959 and in the Manufacturing Section in 
1960, will be continued in both sections. 

Papers submitted for the Annual Meeting 
should be confined to research that Las not been 
reported previously. Abstracts of research ar- 
ticles accepted for publication by a scientific 
journal before the annual meeting are not 
acceptable, because this constitutes a duplica- 
tion. The Program Committee favors the gen- 
eral policy that an individual present only one 
paper and that his name appear as author on 
no more than two. The Program Committee, 
together with the Association membership, 
wishes to stimulate vigorous, sound research 
and realizes that the above restrictions may 
penalize some members engaged in full-time 
research. Therefore, the Committee has lib- 
eralized this policy to the extent that a member 
ean exceed these limits, but only if he or his 
department rates the abstracts in order of 
preference for oral presentation. If the total 
number of papers submitted by the member- 
ship is too great to include in the program, 
the Committee will assign some papers to be 
read by title only. In this event, consideration 
will be given to quality of abstract and re- 
search reported therein, number of abstracts 
per author and department, and importance of 
the research reported. 

The Program Committee encourages contin- 
ued improvement in quality of papers and in 
oral presentation. Careful design of experi- 
ments and proper interpretation of results are 
necessary prerequisites. Strict compliance with 
the instructions for preparation of abstracts 
will simplify the task of the Program Com- 
mittee, and will improve the program. Careful 
editing of abstracts before submission is essen- 
tial. In the past too many abstracts have been 
lacking in this respect. 

All abstracts must he submitted on regular 
81% by 11-in. paper. The following form, with 
no capitals for the title, is correct and is in 
accordance with the form used in 1960: 

Utilization of carbohydrates posterior to the 

rumen-reticulum of the bovine. J. T. Huber 

and N. L. Jacobson, Iowa State University. 

If the author lists an address for an experi- 
ment station other than the University, or a 
USDA research branch, or a commercial com- 
pany, then the complete address should be pro- 
vided, as presented in the following example 
from the 1960 program: 
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A study of dye reduction methods as platform 
tests for the detection of antibiotics. Burdet 
Heinemann, Producers Creamery Co., Spring- 
field, Missouri. 

Preparation of mimeographed copies of per- 
tinent data is desirable. At least 250 copies 
should be available for distribution. This can 
be supplemented by slides for projection on 
sereens, provided the author can adhere to the 
assigned time of 12 to 14 min. for presentation 
of each paper. 

Names and addresses of officers of sections 
to whom titles and abstracts should be sent are: 


EXTENSION SECTION 


Chairman: M. E. Senger, Department of Animal 
Industry, North Carolina State College, Raleigh. 
Vice-Chairman: W. R. Van Sant, Department of 
Dairy Science, University of Arizona, Tucson. 
Secretary: C. D. MeGrew, Department of Dairy 
Science, Ohio State University, Columbus, 10. 


PRODUCTION SECTION 


Chairman: S. D. Musgrave, Department of Dairy- 
ing, Oklahoma State University, Stillwater. 
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Vice-Chairman: J. C. Thompson, Ralston Purina 
Co., St. Louis, Missouri. 

Secretary: L. H. Schultz, Department of Dairy 
Husbandry, University of Wisconsin, Madison. 


MANUFACTURING SECTION 


Chairman: Burdet Heinemann, Producers Cream- 
ery Co., Springfield, Missouri. 

Vice-Chairman: M. L. Speck, Department of Ani- 
mal Industry, North Carolina State College, 
Raleigh. 

Secretary: D. M. Graham, Pet Milk Co., Research 
and Development Center, Greenville, Illinois. 


(The Dairy Manufacturing Extension Section is 
a temporary subsection in the Manufacturing Sec- 
tion. R. B. Redfern, Dairy Extension, North 
Carolina State College, Raleigh, is chairman and 
W. S. Arbuckle, Department of Dairy Husbandry, 
University of Maryland, College Park, is secre- 
tary. All abstracts for papers in the Extension 
Section should be submitted through the regular 
channels of the Manufacturing Section, but should 
be identified for presentation at Extension Sec- 
tion meeting and a courtesy copy be sent to R. B. 
Redfern.) 


OFFICERS, COMMITTEES, AND REPRESENTATIVES OF 
THE AMERICAN DAIRY SCIENCE ASSOCIATION 
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OFFICERS 
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J. G. Casu, Dept. Dairy Science, University of Illinois, Urbana 

D. H. Jacossen, American Dairy Association, 20 N. Wacker Drive, Chicago 6, Tlinois 


STUDENT AFFILIATE 


J. E. Jounsron (1961) Chairman, Dairy Dept., Louisiana State University, Baton Rouge 

P. B. LARSEN (1961), Dept. Dairy Industry, Utah State University, Logan 

W. F. Suire (1962), Dairy Industry Dept., Cornell University, Ithaca, New York 

J. W. Copste (1962), Animal and Dairy Husbandry Dept., University of Rhode Island, 
Kingston 

T. H. Biosser (1963), Dept. Dairy Science, State College of Washington, Pullman 

Louis Boyp (1963), Department Dairying, University of Tennessee, Knoxville 

J. T. Lazar, Jr. (1963), Department Dairying, Clemson College, Clemson, South Carolina 

Jess WinutAMs (1961) Student Advisor, Dept. Dairy Husbandry, University of Minnesota, 
St. Paul 1 

J. B. Mickie (1962) Student Advisor, Dept. of Dairying, Oklahoma State University, 
Stillwater 

PUBLIC HEALTH 

R. E. Burteson, Chairman, Extension Service, USDA, Washington 25, D.C. 

L. A. Buack, U. S. Public Health Service, 4676 Columbia Parkway, Cincinnati 26, Ohio 

Nep 2. Bay.ey, Animal Husbandry Research Division, USDA, Beltsville, Maryland 

C. K. Jouns, Dairy Technology Building, Canada Dept. of Agriculture, Ottawa, Ontario, 
Canada 

Grorce Hyart, Jr., Dept. of Animal Industry, North Carolina State College, Raleigh 

Cc. E. Mrapows, Dept. of Dairy, Michigan State University, East Lansing 

W. D. Pounpen, Physiology and Pharmacology, College of Agriculture, Columbus 10, Ohio 

I. W. Rupet, Dept. of Dairy Science, Texas A & M College, College Station 

J. C. Outson, Dairy Industries Dept., University of Minnesota, St. Paul 1 

L. L. Ramsey, Food Additives Branch, Food & Drug Administration, Washington 25, D.C. 

Evert WALLENFELDT, Dept. of Dairy and Food Industries, University of Wisconsin, Madison 


AUDITING 


R. O. Davison, Chairman, Kelco Co., 75 Terminal Avenue, Clark, New Jersey 
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W. A. Corbis, Sealtest Foods, 260 Madison Avenue, New York 16, New York 
P. X. Hoynak, Refined Syrups & Sugars, Ine., Yonkers, New York 


BALLOT TABULATING 
WALTER C. BartscoH, Chairman, The Borden Co., 9 West 141st Street, New York 37, New York 
A. H. AHRENS, Supervisor Quality Control, 51-40 59th Street, Woodside 77, New York 
JouHN J. GEMINDER, Chas. Pfizer & Co. Ine., 630 Flushing Avenue, Brooklyn 6, New York 
AMERICAN FEED MANUFACTURERS’ AWARD 
KE. E. Barriey, Chairman, Dairy Husbandry Dept., Kansas State University, Manhattan 


BORDEN MANUFACTURING AWARD 
W. J. Hakper, Chairman, Dept. Dairy Technology, Ohio State University, Columbus 10 


BORDEN PRODUCTION AWARD 


H. A. Hekman, Chairman, National Association of Artificial Breeders, 10 N. 9th Street, 
Columbia, Missouri 


DELAVAL EXTENSION AWARD 


Ray ALBRECTSEN, Animal Husbandry Department, Cornell University, Ithaca, N. Y. 


DAIRY SCIENCE TEACHING AWARD 
Bruce Povu.ron, Chairman, Animal Science Department, University of Maine, Orono 


PAUL LEWIS AWARD FOR RESEARCH IN CHEESE 
M. E. Powe, Chairman, Knudsen Creamery Co., 1975 Santee Street, Los Angeles, California 


HONORS AWARD 


D. V. JosEPHSON, Dairy Department, Pennsylvania State University, University Park 


DISTINGUISHED SERVICE AWARD 


N. P. Rausvon, Chairman, Cooperative Extension Service, Michigan State University, East 
Lansing 


COMMITTEES APPOINTED BY THE BOARD 


POLICY 


I. A. Goutp (1963), Chairman, Department of Dairy Technology, Ohio State University, 
Columbus 10 

I. W. Rupet (1961), Department of Dairy Science, Texas A & M College, College Station 

L. A. Moore (1961), Dairy Cattle Research Branch, AHRD, ARS, USDA, Beltsville, Maryland 

J. H. Erp (1962), The Borden Company, 165 N. Washington Avenue, Columbus 16, Ohio 

G. M. Werner (1962), Dairy Husbandry Dept., University of Wisconsin, Madison 

H. B. Henperson (1963), Dairy Department, University of Georgia, Athens 

H. F. Jupxrtys, ex officio, 32 Ridgeway Circle, White Plains, New York 


JOURNAL MANAGEMENT 


F. J. Doan (1961) Chairman, Dairy Science Department, Pennsylvania State University, 
University Park 

J. F. CAVANAUGH (1962), American Jersey Cattle Club, 1521 E. Broad Street, Columbus 5, Ohio 

E. O. Herre, ex officio, Food Technology Dept., University of Illinois, Urbana 

H. F. Jupxrvs, ex officio, 32 Ridgeway Cirele, White Plains, New York 

H. A. Herman (1963), National Association of Artificial Breeders, 10 N. 9th Street, 
Columbia, Missouri 


SPECIAL COMMITTEES 


AWARD NOMINATIONS STUDY COMMITTEE 


G. W. Sauissury, Chairman, Dairy Seience Department, University of Illinois, Urbana 
RALPH VAN Sant, Agricultural Extension Service, University of Arizona, Tucson 
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M. Trout, Dairy Department, Michigan State University, East Lansing 

E. Wyte, Dairy Department, University of Tennessee, Knoxville 

H. Wisk, Department of Animal Industry, North Carolina State College, Raleigh 

H. Wess, Eastern Utilization Research and Development Division, ARS, USDA, Wash- 
ington, D.C. 


BUSINESS ORGANIZATION 


W. V. Price, Chairman, Babcock Hall, University of Wisconsin, Madison 

E. L. Jack, Food Science & Technology Dept., University of California, Davis 

G. H. Wisp, Animal Industry Dept., North Carolina State College, Raleigh 

R. E. Hopeson, Animal Husbandry Research Division, ARS, USDA, Beltsville, Maryland 
H. F. Jupkins (Advisory), 32 Ridgeway Circle, White Plains, New York 

E. O. Herrem (Advisory), Food Technology Department, University of Illinois, Urbana 


INTERNATIONAL RELATIONS 


I. A. Gou.p, Chairman, Dairy Technology Department, Ohio State University, Columbus 10 
K. L. Turk, Department of Animal Husbandry, Cornell University, Ithaca, New York 
S. T. CouLtrrer, Department Dairy Industries, University of Minnesota, St. Paul 
H. C. TreLvogan, Marketing Research, AMS, USDA, Washington 25, D.C. 
R. E. Hopeson, ex officio, Animal Husbandry Research Division, ARS, USDA, Beltsville, 
Maryland 
PRELIMINARY PLANNING FOR 1962 CENTENNIAL MEETING 
R. F. Davis, Chairman, Dairy Husbandry Department, University of Maryland, College Park 
J. F. Syxes, Chairman, Dairy Cattle Research Branch, AHRD, ARS, USDA, Beltsville, 
Maryland 
C. D. MoGrew, Ohio State University, Columbus 
D. M. GraHam, Pet Milk Co., Research and Development Center, Greenville, Lllinois 
L. H. Scuuurz, Department of Dairy Husbandry, University of Wisconsin, Madison 
R. E. Hopeson, ex officio, Animal Husbandry Research Division, ARS, USDA, Beltsville, 
Maryland 
REVIEWING CONSTITUTION AND BY-LAWS 
E. L. Jack, Chairman, Food Science & Technology Department, University of California, Davis 
H. F. Jupxiys, 32 Ridgeway Circle, White Plains, New York 
R. E. Hopeson, Animal Husbandry Research Division, ARS, USDA, Beltsville, Maryland 
E. O. Herrerp, Food Technology Department, University of Illinois, Urbana 
E. C. SCHEIDENHELM, Animal Industry Department, University of Kentucky, Lexington 


HISTORIAN 
G. M. Trout, Dairy Department, Michigan State University, East Lansing 
AMERICAN DAIRY SCIENCE ASSOCIATION REPRESENTATIVES TO: 

American Association for the Advancement of Science: 

R. F. Davis, Dairy Husbandry Department, University of Maryland, College Park 
National Research Council: 

W. E. Krauss, Ohio Agricultural Experiment Station, Wooster, Ohio 
Ralston Purina Award: 

N. L. Jacosson, Department Animal Husbandry, Iowa State University, Ames 
3-A Standards Committee: 

WILLIAM, JoRDAN, Chairman, Dairy Industry Department, Cornell University, Ithaca, 

New York 

Don Wi.uriAMs, 4112 Everett Street, Kensington, Maryland 

Jon Marrick, Dairy Department, University of Maryland, College Park 
National Association of Artificial Breeders: 

J. O. Aumquist, Department of Dairy Science, Pennsylvania State University, University 

Park 

U. S. Livestock Sanitary Association: 

C. L. Peissier, Agricultural Extension Service, University of California, Davis 
American Grassland Council: 

M. E. MeCu..oven, Agricultural Station, Experiment, Georgia 


MANUFACTURING SECTION 
OFFICERS 


Burper HkINEMANN, Chairman, Springfield, Missouri 
M. L. Speck, Vice-Chairman, North Carolina State College, Raleigh 
D. M. Granam, Secretary, Pet Milk Company, Greenville, Illinois 
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COMMITTEES 


BUTTER 


C. Harper, Jk., Chairman, Beatrice Foods Company, 1526 State St., Chicago 5, Ill. 
). W. Brirp, Iowa State University, Ames 

{. J. Buyens, Swift and Company, Chicago 9, Illinois 

S. T. Couvrer, University of Minnesota, St. Paul 

T. KRISTOFFERSEN, The Ohio State University, Columbus 
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B. H. Wess, Eastern Utilization Research and Development Division, USDA, Washington 


25, D.C. 
B. M. ZAKARIASEN, Land O’Lakes Creameries, Minneapolis, Minnesota 


NOMENCLATURE AND METHODOLOGY OF MILK PROTEINS 


©. A. ExnstTrom, Chairman, University of Wisconsin, Madison 
©. W. GEHRKE, University of Missouri, Columbia 

R. JENNESS, University of Minnesota, St. Paul 1 

H. A. LILLevik, Michigan State University, East Lansing 
N. P. TarassvuxK, University of California, Davis 


JUDGING DAIRY PRODUCTS 


E. L. Tuomas, Chairman, University of Minnesota, St. Paul 
L. H. Bur@wa.p, Dairy and Poultry Division, USDA, Washington, P.C. 


F. J. Doan, Pennsylvania State University, University Park ' 
L. R. Down, University of Connecticut, Storrs 
L. J. MAnus, Washington State University, Pullman : 


W. S. RoSENBERGER, Iowa State University, Ames 
F. G. WarREN, North Carolina State College, Raleigh 
J. J. WILLINGHAM, Texas Technological College, Lubbock 


COMMITTEE TO DEVELOP A SCORE CARD FOR STERILE AND 
CONCENTRATED MILK 


. FLAke, Chairman, Evaporated Milk Association, Chieago, 

. E. Fenton, Agr. Marketing Service, Dairy Division, USDA, Washington, D.C. 
. M. Grawam, Pet Milk Company, Greenville, Illinois 

. H. Hartman, White House Milk Company, Manitowoc, Wisconsin 

. B. OBerG, Carnation Research Laboratories, Van Nuys, California 

MARK KEENEY, University of Maryland, College Park 


RAYMOND Powers, The Borden Food Products Company, 350 Madison Avenue, New York, 


A. M. Swanson, University of Wisconsin, Madison 
NOMINATIONS 
V. H. NIELSEN, Chairman, Iowa State University, Ames 
W. S. ARBUCKLE, University of Maryland, College Park 
D. J. Hankinson, University of Massachusetts, Amherst 
RESOLUTIONS 


. J, JezESKI, Chairman, University of Minnesota, St. Paul 

A. O. CALL, Western Condensing Company, Appleton, Wisconsin 
lr. I. Heprick, Michigan State University, East Lansing 

F. V. KostxowskI1, Cornell University, Ithaca, New York 


PRODUCTION SECTION 
OFFICERS 
S. D. Muserave, Chairman, Oklahoma State University, Stillwater 
Joun C. THompson, Vice-Chairman, Purina Mills, St. Louis, Missouri 
L. H. Senvitz, Seeretary, University of Wisconsin, Madison 
COMMITTEES 
PROGRAM 


S. D. Muserave, Chairman, Oklahoma State University, Stillwater 
J. C. THompson, Purina Mills, St. Louis, Missouri 
lL. H. Scuvirz, University of Wisconsin, Madison 
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RESOLUTIONS 
C. L. Norvron, Chairman, Kansas State University, Manhattan 
P. L. Keuiy, University of Nebraska, Lincoln 


. Emery, Michigan State University, East Lansing 


DAIRY CATTLE JUDGING 


J. C. Renntig, Chairman, Ontario Agricultural College, Guelph, Ontario, Canada 
C. F. Foreman, Iowa State University, Ames 
J. T. Mites, University of Tennessee, Knoxville 


JOINT COMMITTEES WITH EXTENSION 


DAIRY CATTLE BREEDING 


(Chairman in Extension Each Year) 


PRODUCTION 
C. R. Henperson, Cornell University, Ithaca, New York 
H. A. HerMan, Nat’! Association of Artificial Breeders, 10 N. 9th St., Columbia, Mo. 
R. W. Tovcuserry, University of Illinois, Urbana 

EXTENSION 


R. E. Corsert, Chairman, University of Maine, Orono 
J. R. ScHABINGER, University of Maryland, College Park 
M. B. Ewrne, Agricultural Extension Service, P.O. Box 391, Little Rock, Arkansas 
TYPE 
(Chairman Alternates from Extension of 1961-1962) 


PRODUCTION 
E. C. Meyer, Hoard’s Dairyman, Fort Atkinson, Wisconsin 
I. D. PorTerFreLD, West Virginia State University, Morgantown 
Haroup Kagser, Ohio State University, Columbus 

EXTENSION 
J. C. THompson, Ralston Purina Co., St. Louis 2, Missouri 
R. W. Wayne, Chairman, University of Minnesota, St. Paul 
HitTon Boynton, University of New Hampshire, Durham 

DAIRY CATTLE HEALTH 
(Chairman Alternates from Productien for 1961-1962) 


PRODUCTION 


V. R. Smiru, Chairman, University of Arizona, Tucson 
W. D. Pounpen, Ohio Agricultural Experiment Station, Wooster 
WILLIAM HANSEL, Cornell University, Ithaca, New York 


EXTENSION 


M. F. ELLMorg, Virginia Polytechnic Institute, Blacksburg 
G. E. Parsons, Michigan State University, East Lansing 
J. J. BARNARD, Utah State University, Logan 


EXTENSION SECTION 


OFFICERS 


M. E. Sencer, Chairman, North Carolina State College, Raleigh 
W. R. Van Sant, Vice-Chairman, University of Arizona, Tucson 
C. D. McGrew, Seeretary, Ohio State University, Columbus 
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COMMITTEES 
DAIRY RECORDS 


W. R. Van Sant, Chairman, University of Arizona, Tucson 
W. R. HESSELTINE, University of Delaware, Newark 

D. J. AuSMAN, University of Wisconsin, Madison 

J. D. Burke, Cornell University, Ithaca, New York 

R. Sam Jones, Auburn University, Auburn, Alabama 

J. F. Cavanavcu, American Jersey Cattle Club, Columbus, Ohio 


RESOLUTIONS 


J. S. TAyLor, Pennsylvania State University, University Park 
F. MEINERSHAGEN, Chairman, University of Missouri, Columbia 
L. A. JoHnson, Michigan State University, East Lansing 


TEACHING METHODS 


JAMES CROWLEY, Chairman, University of Wisconsin, Madison 

R. E. BurLeson, U. S. Department of Agriculture, Washington 25, D.C. 
Rosert FincHam, Iowa State University, Ames 

R. D. AppreMAN, University of California, Davis 


4-H CLUB 


J. E. Coorer, Chairman, Holstein-Friesian Association, Brattleboro, Vermont 
G. M. Bastin, University of Kentucky, Lexington 

T. W. Sparks, University of Florida, Gainesville 

N. J. Morerier, Purdue University, Lafayette, Indiana 
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PROGRAM 
ANNUAL MEETING OF SOUTHERN DIVISION OF 
AMERICAN DAIRY SCIENCE ASSOCIATION 
JACKSON, MISSISSIPPI 


THE 


February 6-8, 1961 


Monday A.M. 


DAIRY PRODUCTION 
Presiding: J. B. Frye, Jr. 


8 :30-10:45 a.m. 
Bamboo Room, King Edward Hotel 


Lignin and other chemical constituents in 
Sudan grass and millet varieties. A. S. 
Achacoso, L. L. Rusoff, C. L. Mondart, Jr., 
and F. L. Bonner, Louisiana Agricultural 
Experiment Station. 

Changes in digestibility of cool season forages 
during the spring grazing season. G. E. 
Hawkins and G. H. Rollins, Alabama Ag- 
ricultural Experiment Station. 

An unbreakable esophageal-fistula cannula for 
collecting forage samples by grazing cows. 
L. L. Rusoff and L. E. Foote, Louisiana 
Agricultural Experiment Station. 

Influence of nitrogen fertilization and harvest 
date on the nutritive value of pelleted 
coastal Bermudagrass hay. R. R. Harris, 
W. B. Anthony, J. B. Starling, and C. A. 
Brogden, Auburn University. 

The use of a small sample in vivo cellulose 
digestion technique for forage evaluation. 
J. W. Lusk, C. B. Browning, and J. T. 
Miles, Mississippi Agricultural Experiment 
Station. 


11:00 a.m.—12:30 P.m. 


General Convention Session, ASAW 
Victory Room, Heidelberg Hotel 


Monday P.M. 


DAIRY PRODUCTION 
Presiding: I. W. Rupe. 


1:30-4:30 
Bamboo Room, King Edward Hotel 


The total protein, casein, and butterfat con- 
tent of colostrum milk. O. T. Stalleup and 
F. E. Reed, Arkansas Agricultural Experi- 
ment Station. 

Gradual vs. abrupt weaning of dairy calves 
from a limited level of milk replacer. 
W. J. Miller and C. M. Clifton, University 
of Georgia. 

Comparison of different calf starters for early 
weaned calves. L. J. Bush, G. V. Odell, 
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and M. G. Yang, Oklahoma State Univer- 
sity. 

The .importance of trace minerals in calf 
starter and milk replacer. E. W. Swanson 
and L. M. Carpenter, University of Ten- 
nessee. 

Pasture vs. barn feeding for raising calves. 
B. F. Hollon and R. D. Mochrie, Coastal 
Plain Research Station, Willard, N. C. 

An evaluation of the growth of dairy calves 
on a constant feeding regime in southern 
Louisiana. E. J. Stone, E. B. Morgan, and 
J. B. Frye, Jr., Louisiana Agricultural 
Experiment Station. 

Frequency of grain feeding by mechanical 
means and growth rate response of dairy 
heifers. O. H. Horton and G. S. Nelson, 
University of Arkansas. 

Factors concerned in hot weather effects on 
growth and feed efficiency of dairy heifers. 
J. E. Johnston, G. A. Hindery, D. H. Hill, 
and A. J. Guidry, Louisiana State Uni- 
versity. 


Monday A.M. 


DAIRY MANUFACTURING 
Presiding: H. C. 


8 :30-10:45 A.M. 
Room 550, King Edward Hotel 


Selective media for detection of spoilage or- 
ganisms in dairy products. H. C. Olson, 
Oklahoma State University. 

Coliform enumeration as an index of the sani- 
tary quality of raw milk. R. W. Henning- 
son, Clemson Agricultural College. 

Coliform bacteria in Cottage Cheese. W. W. 
Overeast, J. D. Skean, and J. V. Britton, 
Jr., University of Tennessee. 

Some results with the phosphatase test on 
butter. T. R. Freeman and J. L. Buey, 
Kentucky Agricultural Experiment Station. 

A microbiological study of Cottage Cheese made 
from frozen and daily transfer cultures. 
J. T. Cardwell, T. J. Ousley, and J. H. 
Martin, Mississippi State University. 


11:00 a.m.—-12:30 
General Convention Session, ASAW 
Victory Room, Heidelberg Hotel 


V 
P 
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ASSOCIATION 


Monday P.M. 


DAIRY MANUFACTURING 
Presiding: J. T. CARDWELL 


1:30-4:30 p.m. 
Room 550, King Edward Hotel 


Variations in the lactose and sodium chloride 
contents and the freezing point of certain 
reconstituted nonfat dry milks. E. W. 
Custer and J. T. Cardwell, Mississippi State 
University. 

Rehydration of nonfat dry milk solids with 
home water supplies. A. V. Moore, Texas 
Agricultural Experiment Station. 


Persistence of contamination in lactie cul- 
tures. H. C. Olson, Oklahoma State Uni- 
versity. 

Variations in cultures of geotrichum isolated 
from cream. E. R. Garrison and Mary 
Anne Holdar, University of Arkansas. 

A comparison of the Kjeldahl, steam distilla- 
tion, dye binding and formol titration 
methods for determining the protein con- 
tent of milk. C. Vanderzant and A. H. 
Miah, Agricultural and Mechanical College 
of Texas. 

The effect of chocolate milk powder mixtures 
on the accuracy of the Pennsylvania, Te 
Sa and Babcock-Gerber tests for fat in 
homogenized chocolate milk. J. T. Card- 
well, Mississippi State University. 

Relationship of surface tension to variations 
in composition and temperature of fluid 
dairy products. M. L. Peeples and H. J. 
Urban, Texas Technological College. 


Monday P.M. 

DAIRY EXTENSION 
Presiding: C. G. CusHMAN 
1:30-5:00 p.m. 

Room 546, King Edward Hotel 


Mastitis 
1:30-1:50 p.m. 

Experiences in mastitis control in Florida. 
C. B. Plummer (DVM), University of 
Florida. 

1:50-2:10 p.m. 

Evaluation of mastitis control in Virginia. 
S. L. Kalison (DVM), Virginia Polytechnic 
Institute. 

DHIA. 
2:10-2:30 P.M. 

Care and accuracy of testing equipment used 
by DHIA associations. R. R. Rich and 
M. E. Senger, North Carolina State College. 
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2:30-2:50 P.M. 
Use of quality codes in evaluating feeds in 
EDPM-DHIA records. R. S. Jones, Auburn 
University. 


Break 


2:50-3:00 p.m. 
Artificial Insemination 


3:00-3:20 p.m. 


Responsibility of extension to artificial in- 
semination programs. R. E. Burleson, Fed- 
eral Extension Service, Washington, D. C. 


3:20-3:40 


Responsibility of bull studs to artificial in- 
semination programs. E. W. Neasham, Lou- 
isiana State University. 


Panel Diseussion 
3:40-5:00 P.M. 
Common problems in building dairy extension 


programs of work. Leader, V. L. Baldwin, 
Virginia Polytechnic Institute. 


Monday P.M. 


SOUTHERN DAIRY STUDENTS 
ASSOCIATION 


Presiding: W. L. Wess, Chairman SDSA 


4:30 P.M. 
Room 550, King Edward Hotel 


7:00 
Duteh Dinner and Smoker 
Time to be confirmed and place to be 
announced 
Presiding: Marton Moore, President 
Mississippi State University Dairy Club 


Tuesday A.M. 


JOINT SESSION DAIRY PRODUCTION, 
DAIRY MANUFACTURING, AND 
DAIRY EXTENSION 
Presiding: T. R. FREEMAN 


8:30-9:45 a.m. 
Bamboo Room, King Edward Hotel 


The influence of certain environmental factors 
on the fat and solids-not-fat production 
of Jersey cows. J. C. Johnson, Jr., and 
R. L. Givens, Georgia Coastal Plain Ex- 
periment Station, Tifton. 

Certain factors affecting the solids-not-fat 
(SNF) and total solids (TS) in milk. O. T. 
Fosgate, University of Georgia. 

The effeet of feed and nutritional level of the 
cow on the development of raneidity in 
milk. R. Y. Cannon and G. H. Rollins, Ala- 
bama Agricultural Experiment Station. 
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The effect of feeding sorghum silage on the 
lipolytic activity in milk. P. E. Johnson 
and R. L. Von Gunten, Oklahoma State 
University. 

Daily variations in lipolytic activity in indi- 
vidual cows milk. P. E. Johnson and R. L. 
Von Gunten, Oklahoma State University. 


9 :45-11:00 a.m. 
Southern Division, ADSA, Business Meeting 
Bamboo Room, King Edward Hotel 


11:00 a.m.—12:30 P.M. 
General Convention Session, ASAW 
Victory Room, Heidelberg Hotel 


Tuesday P.M. 


JOINT SESSION DAIRY PRODUCTION, 
DAIRY MANUFACTURING, AND 
DAIRY EXTENSION 


Presiding: W. S. GrirritH 


1:30-4:30 P.M. 
Bamboo Room, King Edward Hotel 


A eritieal appraisal of the central processing 
program for DHIA records. W. 8. Griffith, 
Virginia Polytechnic Institute. 

Nutrient composition and digestibility of corn 
silage as affected by fertilizer rate and 
plant spacing. R. A. Alexander, G. A. 
Barden, J. F. Hentges, Jr., J. T. McCall, 
and W. K. Robertson, Florida Agricultural 
Experiment Station. 

Observations on the digestibility of sweet sor- 
ghum silage ensiled at four stages of ma- 
turity. D. S. Ramsay. J. W. Lusk, and 
J. T. Miles, Mississippi Agricultural Ex- 
periment Station. 

The relative feeding value of coastal bermuda 
grass silage and corn silage for lactating 
dairy cows. J. C. Johnson, Jr., F. E. Knox, 
and B. L. Southwell, Georgia Coastal Plain 
Experiment Station, Tifton. 

The use of two levels of distiller’s grains and 
ground snap corn as preservatives for 
wheat silage. M. E. McCullough and L. R. 
Sisk, Georgia Experiment Station, Expe- 
riment, Ga. 

The performance of lactating dairy cattle 
when fed millet silages harvested at two 
stages of growth with and without ground 
snapped corn as an additive. EK. B. Morgan 
and H. Dewitt Ellzey, Southeast Louisiana 
Dairy and Pasture Experiment Station, 
Franklinton. 

Genetic and environmental differences among 
dairy herds. N. R. Thompson, V. L. Bald- 
win, and G. C. Graf, Virginia Agricultural 
Experiment Station. 


6:30 P.M. 
Annual Banquet and Honors Program 
Speaker: R. E. Hopcgson, President ADSA 


Tuesday A.M. 
SOUTHERN DAIRY STUDENTS 
ASSOCIATION 
Presiding: Vice Chairman 
SDSA 


8 :30-10:45 
Room 550, King Edward Hotel 


11:00 a.m.—12 :30 P.M. 
General Convention Session, ASAW 
Vietory Room, Heidelberg Hetel 


Tuesday P.M. 


SOUTHERN DAIRY STUDENTS 
ASSOCIATION 


Presiding: W. L. Wess, Chairman SDSA 


1:30 P.M. 
Room 550, King Edward Hotel 


6:30 P.M. 
Annual Banquet and Honors Program 
Southern Division, ADSA 
Speaker, R. E. Hopeson, President ADSA 


Wednesday A.M. 


JOINT SESSION DAIRY PRODUCTION, 
DAIRY MANUFACTURING, AND 
DAIRY EXTENSION 


Presiding: O. T. 


8 :30-11 :00 a.m. 
Bamboo Room, King Edward Hotel 


The effects of feeding protamone to bulls on 
semen production libido, and physiological 
responses. T. E. Patrick, J. D. Roussel, 
H. C. Kellgren, and J. O. Shelwick, Louisi- 
ana State University. 

Effects of nitrogen and other gases on liva- 
bility and fertility of frozen bovine sper- 
matozoa. J. D. Roussel, T. E. Patrick, and 
H. C. Kellgren, Louisiana State University. 

The effect of vitamin B, deficiency in the 
gonads of male rats. N. Pati, Agricultural 
and Technical College of North Carolina, 
Greensboro. 

Livestock improvement in the Middle East. 
E. M. Harmon, Hendersonville, N. C. 


Wednesday A.M. 
SOUTHERN DAIRY STUDENTS 
ASSOCIATION 
New Officers in Charge 


8:30 A.M. 
Room 550, King Edward Hotel 
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when only the finest 


will do— NESTLE’S 


\ | Join the Dairy Processors 
| who know — there is no 
finer quality than NESTLE’S 
\ Cocoas, Granules and Liquors. 


PETER’S* RUNKEL’S |NESTLEs 


THE NESTLE COMPANY, INC. 


WHITE PLAINS, N.Y. 
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STANDARD METHODS AGAR 


Tenth Edition 1953 
Eleventh Edition 1960 


BACTO 
PLATE COUNT AGAR 


APPROVED 
A PH A FORMULA 


Pancreatic digest of casein........ .  *Bacto - Tryptone PANCREATIC DIGEST 5 y. 
1 g. Bacto - Dextrose. .GLucosE........ lg. 
Agar, bacteriological grade. ..... 15 g. 15 g. 


Reaction pH 7.0 Reaction pH 7.0 


*BACTO — TRYPTONE, Pancreatic Digest Casein U S P, 
has been an A P H A Standard Methods Peptone since 1923 
and a Plate Count Agar Peptone since 1939. 


According to specifications and standards of 


USP 
United States Pharmacopoeia XVI 1960 


APHA 
Standard Methods for Examination of Dairy Products XI 1960 


AOAC 
Association of Official Agricultural Chemists IX 1960 


Descriptive literature on request 


Specify 
DIFCO LABORATORY PRODUCTS 
BIOLOGICS CULTURE MEDIA REAGENTS 
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